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MDCCXCIX, 



■ Tws 'Vorutr'e contains the Physical Principles of 
Astronomy, with their apphcation to all the pheenomena 
which arife from the mutual attraction of the bodies in 

- oni fyftem. The author has endeavoured to render this 
difficult fuhjeCt eafy to be underftood, by fully explaining 

‘ all the principles, and omitting no mateiial fteps in the 
. inveftigations ; ‘he trufts therefore that what he has here 
• done may prove a confiderable help to Undents in phyfical 
Aftronomy, and tend to diffufe a moie general knowledge 
of that fubjed. The Tables and Catalogues of the fixed 

- Stars will be found very ufeful to the practical Altronomer. 



X 



THE 


C b N T ENTS 


OF THE 


SECOND volume; 






CHAPTER XXXI. 

On' the ^efte^al Prmctples of Centnpetal Faces 

CHAP. XXXII. 

Ott the Theory of the Moon 

■ . CHAP. XXXIII. 

~On.the Figvfe of t7ie F^rtli . . . . < ... • • 

CHAP. XXXIV. 

On the Precejjton of the Eqtuaoxes, and the Nutation of the Earth s Ants 

C H A P.* XXXV. 

On the DeiifitteSi Quantities of Mattery Light and Heat of the Planets 


PAGE. 

I 


2Z 


85 


II3 


139 


' GH A P. XXXVI 

Oh tits Motion of the Planes of the Orbits of the Planets, from tJmr mutual 



* " * ” ' CHAP. 





vi CONTINIS OF THE SECOND VOLTTME. 

PAGE. 

CHAP. IXXVIL 

On the EffeSls produced on the Motions of the Planets '•Planes of thetr 

Oi httSy from thetr mutmlJttraHions ... i66 

* * ** 

-CHAP. XXXVIir. ' : - 

On the Tides .... ..." 213 

CHAP. XXXIX. . * ‘ * ' ' 

• • 

On the Principles of^ProfiRtm.-, and the CoiiJlruShon of geographical Maps *121% \ 

C H A P. XL. 

On the Ufe of Inteipolatiom in AJlronomy •>...238 

'chap. XLI. ■ ... 

• • 

The Htfory of AJlronomy . . 24,8 

*• « 

^ • 

. * . . 

TABLES 

* ^ 

FOR FACILITATING ASTRONOMICAL CAfcTPTATIONS. 



TABLE I. 

For converting Degrees^ Mwies and Seconds into Time " 25^ . . 

r 

TABLE II, 

For converting Time into" Degrees, Minutes and Seconds , . . , .''297 « , 

^ * /* • 
TABLE III. ' r " 1 ^ 

Pecimal Parts of an Sow . ^ *297 

TABLE 


I \ 


CONTENTS OF THE SECOND VOlUME, 


. » TAB^LE IV. 

Fer finding tie Length » Htilar Ates ... 


TABLE V 

% 

* Sun's Fearal^x tn Altitude . .... 

• . ’ 

\ i 

‘ table VI.' 

' Fhe- tnean'^Tight Afestfion and N'ofth polar JJiftaiues rf Thirty-Jiv piinapal 
Stars, JfT^e Beginning of the Tear 1790, with their annual Pieceffions 

r 

TABLE VII. 

CorreSlions in Degrees of the ri£jt Afceufwn of Thiriy~onp^ principal Stars, to 
^ every Tenth Day of the Ttir . ... 

. ' ' -r , 

T A’? L E VIII. 

" CftnSliom m Degrees of the right AJcertmis of Thirty-one principal Stats, to 

every Tenth Degree of Longitude zthe Moon's afcendtng Node . . 

r r 

T A B L E IX. 

ifi fidereal Time oj the ftght qJ" Tliift^^oue pthictpol 

StarSy for every Tenth Day tn the Tear . 

^ “ 'table X. 

Corre 8 m\ la fidereal Time of ike right Afeenfions of '1 rty-two principal 
Stars, to every Tenth Degree of Long itude of the Moon ^fiending Node 

. TABLE XI 

The CorreSlm of ike Ohliqinty of the Ecliptic for Days of the Tear __ . 



■ ' * ' TA'BLE XII. 

/“ r* ^ 

Eq^oti tfthe Oblipity of the Ecliptio . . 


PACE. 

297 


297 


298 


300 


302 


305 


307 


310 


" I7ie 


• ‘ 311 


♦ 


*1 


TUI 


CONTENTS OF THE SECOND VO'lVME. - 

PAGE. 

TABLE Xm. 

The mean, aponomkal RefraBwts, to every Ten Mpmtes of apparent Zenith 


TABLE XIV. . ' ' 

Decimal Numbers for computi^ the CorreEltons of the mean ajlrouomital 

Refraatons, depending on the Barometer and Thermome'.e^ . ^ . . . . ^ 

m % * 

t:’a:ble xv. - - 

“ K r- , ♦ ♦ 

• • 

Aumentation of the Semt-dtameter of the Moon • 3 ^'^ 

TABLE XVI. 

Mean Precejton of the EfMtal Points u Longil^de, for complete Tenths ^ ^ 

table ^ ^ 

0 m 

Prec^ion of the Equmoatal Points in Lon^^^de t^ every Day of the Tear, - , ^ 

mchidtng the filar Equation of PreSon ^ 3 z^, 

The Equation of the Equmom i^ongitude . . ^ ^ --^4 * ^ 

JC A B L E "XIX» ‘ * 

^ r,j ai m rnht Jfc&ifion in Time, foy every Day of the- 
The man Motions of the ^ ^ 

Tear .. . ••••;> J . 

, .* . • 

T A B L E xL ’ ’ 

% * • 

The mean Motio'^-f ngk Afcenjion m Time, to Hours and Minutes 



/ TABLE XXL- ' • 

Equatif^f^^^ m rigM Afeenjim^ common to alj the Stars . • ^ • 32.8^ ^ 

' . ^-Table 

-» * • o ' ' 


CONTENTS OF THE SECOSU VOLUME, 


, PA.GE,| 

TABLE XXII. ^ 

* * 4 

Equation oj^ the Equinoxes in right Afcenjion in Tmet eonmoti to ell the Sters 329 

‘S 

TABLE XXni. 

; ' 

\Deviapont 0/ Stars \h North plat Dtftancesy cormion to all Stars having the 

fame r^ight ^cenfm 330 

, , ’ ’ TABLE XXir. ' , 

Tme taken 'hy Light to move^over Parts 0/ the Qrhis Magnus .... 334. 

\ , TABLE XXV. 

■> To find theyN onagejimal Degree of the Ecliptic ^ a-^d it's Altitude, for the 
Latitude of Greenwich, reduced to the Earth* s Center, fuppofed to be 
^I'i \ 4 '^i'y and the Obliquity of the Ecliptic 23°. a 8 ' . . . . 335 

t 

’ , TABLE XXVI. 

Showing hqw much the N onagejmal Degree, and iP s Altitude, are altered, 

by removing the Place one Degree to the North of Greenwich . . . 339 

TABLE XXVII. 

The Angle between the Ecliptic and parallel to the Equator, to the Obliquity of 
the Ecliptic 23®. aS'i with the Variation for 10" Variation of the 
Obliquity 34° 


TABLE XXVIII. 

7 he Angle of Pqftior of any Point of the Eclipth, to the Obliquity 23*. 28', 
with the Vat lation for the Variation qf the Obliquity by one Mmcte, 
''anjwering to any Degree of Longitude 34 1 

p " ' t'able XXIX. 

Tke'' 4 iigle of Pojition, anfwenng to any Degree qf right Afcenjion . . . 342 

VO^,. II.^‘ - ” b TABLE 


^OHTENTS OF THE SECOISTD VOLUME. 

TABLE XXX. 

J,it^n!enfftion of tin Angle of Pofition h the Ec/iptti. ^ for the T^oiluiitil Sian 343 ] 

TABLE XXXL 

'EpeliS of the mean Longitude of the Moo, U ajcending Node . * . . 344 

*, • 

TABLE XXXII. 

Mean retrograde Motion of the Moon's Node, for every Lay of the Jf ear *. * 345 

*“ * % 

TABLE XXXill. - ; 

JDecreafe of the Diameters of the Sun and Moon inclined to^the Horizon . . 34S 

TABLE XXXIV. 

For reducing Sidereal to mean*Sohr Time . >. .* . 348* 

* • 

TABLE XXXV. _ ***"•■* 

For converting mean Solar into Sidereal Time •"8'}-9 « 

TABLE XXXVI 

The apparent femidiameter of the Sun, and It's horary Motion . . . .350 

TABLE XXXVII. 

• • 

The ReduUm of the Ecliptic to the Equator . . . . ^352 

TABLE XXXVIII, 

The Decimation of the Points of the Ecliptic 3 3.4 

• * • . 

TABLE XXXIX. . - . 

The Eijiiatm of fecond Differences, for correSirng the Equations of the ^planetary 
Motions . . . 356 

• . « - 

TABLE XU ** \ • ; - 

The Equation of fecond Differ ence, iifefitl in computing the Mootfi Pl(ice frora * - - 

the Nautical Ephemerts •xfri 

.* TAfi L E • • 

• ♦ 


0 


COKTENrS OF THE SFCOKD TOEtTME. 


FAGF. 


TABLE XLI. 

The Eqwtion of fei.cn d thffemue, ufeful for interpolating the Moon's Difiance 
from the and Stan, for evetf thud Hour between thoje computed at 
^Noon ci}icLMt 4 «:gn^, foi the Uje of the Nautical Epheme} is . . 368 

✓ 

* , TABLE XUI. 

'* "^^ecStal Parts of a De^e^ . . ...... 372 

TABLE XLni. 

^Bqiiat^om toxequcd Altitudes . . 

TABLE XLTV. 

' Eqttatious to equal Altitudes, where extreme Accuracy is not required . 


* V ’ 

'.^mi-duS nal Af^s 


A 


T 4 BLE XLV. > 


• « 


^ TABLE XL VI. 

j/tt T^ie anfwering to a Change of Altitude of one Degree at the Horizon 

• , TABLE XLVir 

. Tide Amplitudes ofikedSj ling and Setting of the heavenly Bodies . . . 


373 

389 

393 

409 

410 


^ ^ ^ TABLE XLVIII. 

" * Tofnd the enlightened Part of tlu Diameter of the Moon, or Venus . . ■ 413 

• J ‘ 

TABLE XLIX 

•* 

' Prhe Hmr~ Angle of Jupiter with the Meridian, when 8® ]ugh,for the Latitude 
j>f Cre&twteh 

, * , T A B L E L 

T%e Hour- Angle of the Sun, when- it's Dept ejfon is helm thg Horizon, 

*. faf dhe^ Latitude^ of Greenwich . . ^ 

^ \ . TABLE LI. 


Logfiic ^ Logarithms 


41 6 > 



C0STEHT8 0? THE SEC0«» VOLVME. 

fAor. 

THE Ufi of the Tables . . . 434 

Catalogue of fixed Stars . . 473 

vs. h^.CKi'L'L'S.'s Catalogue of zodiacal Stats 403 

■ I I ■ I I N ' ■ ' Catalogue of pmi^al Srars . . . - . 3n' 

Zach’s Catalogue of 381 principal Stars jaj ^ 

7 > ^ 

r 

- Catalogue of th Declhiatiom of i 6 z frmctpal Stars . , . . 537 - 

Mayeu-’s Catalogue of principal fsied Stars ........ J47 ' 



- ' A complete; 


f 


i 






- ••C/O MPLETE SYSTEM 

-7-V e c ^ • 

C '^..:Jy'''^ T 'R N> N O M Y. 


\ -'* 


/ V 


■ .' V / 




■MWMARAAAmVMeai 


c 


V 

' V. _ 




CHAPTER XXXI. 


ON THE GENErXl PRINCIPLES OF CENTRIPETAL FORCES. 


's 


w 


Art. 805 



lody revolve about an immoveable centei of force, and be 
conftantly attiaded to it, it will always move in thrfame plane, 
deferibe .aieas about that center propoitional to the times. For let 
the center of force, .and fuppofe a body to be piojedted at P Fic. 
•in the direftion P^r, and r take P^= then by the fiifl; law of motion, ^^7 

the body would mjDve unjforml 4 in the direftion P^r, and defcnbe Pi^, 

^in the fame time, if nd^her fofce afled upon it But when the body comes 
to ht-Ts/iiig/e iimmife aft^it^ 5 , fufficient to draw the body through in 
the time^ ij zvould^axe defciibed ^c, oi tJid defcnbe P^, and complete the 
paiallelograna V^C, and the body, in the Jame time, will defcnbe ^C, there- 
foie P^, aie defcnbed in the fame lime. Now by Euclid, B. i. p 37, 
the .triangle* 5 C^= 5 f^, and by B. 1. p 38, Sc^=SP^ theiefoie 5 C^= 

"SPJi. or eqhal a*eas aredcfciibed in equal times Foi the fame reafon, if a 
/uig/e topulfh aCt at C, D, idc. at equal inteivals of time, then SC^=SCD 
!=^D=J^e. 'Now as this is true wlutevei be thefe equal intervals, let them 
be'diminilliea Iinute, and the limit gives a force which arts conflantlyj 
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^ . -) 

ON the general principles of centripetal porches? 

^ as the reafoning refpeding the equal defoiption of areas in equal 
Jloldb tiue up to the limit (as no point can be affutned before it comes to the 
limit when it is not true), it rauft be tiue in the limit, henogf when the force 
afts conftantly, '•^qual aieas will be defciibed in equal times (2^19, 641), and 
the body will defcribe a curve about ib. And as no force adts ovt^oi the. plalic 
of SP^^- IhoTvlfole curve muft he in that plane. “ 

806. Draw ^^"perpenCliculai to produced, then the are? 

area SPi^ 

as — buEj’‘;:(^ 


52 ^, which vanes 'as P^.x ST, theiefore P@ vaiics 


: 'V 


Fig. 

188. 


VRiies as ihe velocity F, when the tune is given, hence, F • ‘ 

Now m that curve which is the Uf dt^^ecom^s a**v^ 

perpendicular to a tangent to the curve ^ Hence, F "va>'"s\aa v* 
area SP^ def in a given time , , . \ t 

perpendicular on the tan ’ curv 5 >^he area SP^ -S' ^ 

given (805) when the time is given, theiefore in the ca^^F vanes Li' / 

I f i J 

^ , confidering 5 2" as a perpendiculai on a..mngenrto that point of c-iuvc ' 

where the body is 'V ,y: ••• 

807. If equal areas be defciibed about S in equal tunes, the foice muft teM i 

to For let 5 P^=^^C, now 5 P^= 5 %, theiefore heiiJcT. 

by EtrcxiD, B, 1. p 39, Cr is parallel to ^S, therefore is a’parallislo«. ^ 

now, by fuppofition, the body defciibes in confequeiice of the 

1. fit ym . ^ ^ 


\ 


gram 

iinpulfe at and it would have defoibcd if no impulfe had there- 

fore muft reprefent that motio^impidled at whidrr^ri-^ijundiori 
with the motion can make the body defcribe ^C, and ^F is diicacd 
to S. 

§ • 

808. Draw parallel to zCxPw in it’s hmjting ftate. Now (NEWT>>ff^* 
Pun Book I Sed. i Lem. 10. Cor.) being tlite fpacc defenbed in a givclk- 
time by the impulfe of the force ading at %, Mie li^niting ratio of iivone. 
point of the curve to ^P in another, will exprek the latKof the forces in thefe 
two points, but ^=2^x=2Cv, hence, th^irtingkio of^itrto flvin 
tvvo points will expiefs the ratio of the forces, JSSaw by\nakir^ P ^d C 
appioach to ^ as their limit, they will at live at ^ at the fapi^ time,* becaufc 
defenbed in tl-e fame time; but when P and C arrive at the 
line zw ceafes to cui tfie curve, and only r(?«f/ier it at and *thercfoE£ it 
becomes a tangent , confequently (which is the.«ltimate direftion* o^ ^) * 
IS a tangent to the curve at ^ Hence, to find the ppportion^j^* the foltes * 
any two points P, p, of a curve, draw the tangents PJC, /jO:, ,to.tRoffe 
points, take two arcs P^, pq defenbed in the fame time, ^nd dcaw paiatlel 
* . to 


f 


V 
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I 




If 

1 - 
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1 

to PS, and qr parallel to ;pS ^ then diminifli this tune, and confeqneiitly j^ie 
arcs P^, pq, and make them vanifti, and that ratio to which pq appio.^i 
as then limit, 1 ^, 4:116 latio of the foices at P and 

8oc l^ J f th^ areas be decelerated, the force tends in lonfeqwnita , foi if SQG 
be greater tiian S^P or < 5 ^^, then C muft fall above a line diawn fiom c pa- 
lall^ to hence, the other fide of the paiallelogi.'pi-'^i^^^^^^^nwft fall 
alws ^iJj^ind, therefoie if be produced, it tnufttfall ahcr&e 0, henceo muft 
Lsv ^ *moved hp into that line, or the lame way the body has moved, be^aufe 
tjie moPion ariles fioni the force at 5 , and therefore o muft have beeh in 
.the ITne y(?r the fame reafon, if the areas be retar dedf the force tends in 

. <z«W^J^/for|hea, as S^G is lefs than SP^ot S^c, C muft fall felop a Bne 
,drirn ftomV ftoallel tTfST Wee V will M bekw^S, and therefoie 
Cwodd^ will fall beloS S , confequently S muft have moved in a diieftion 
i«o^raiy to the mo^n of the body. \ 

^>810 jKhe Clide PJF touch (fce cuive fFPZ at P, and R^f be 

. Irawn, mining any finite angle with the\,ngent PP, then if P ^ 7 * move up 

, ..t\P, the limiting-ratio of R^‘ RT\h a ratio of equality, that circle is 

^ cali^i^a circle of curvature to tj?tfturve at P. 

^iVj^PP be a choid^ of that circle paffing through the center of foice S , 
* ^ /^ravv ST perpendicular to the tangent, and R^^ parallel to PF, and join TP, 
.. ’"TV, then, by^Jie Definition, the limit of RT is a ratio of equably. 
^ ' ^W«w the angle RTF = t\it alternate angle TPF, and the angle TPR between 

thc'^hpid and tangent = the angle PFTia. the alternate fegraent, therefore the 




trian 




'PP are llmilar; henoa^PP: PT PT TR = 


^ - ... 

when the time is given, TR becomes ultimately propoitiotwJ to the foice 

^(8o8)*, alfo (Newt Piia Lem. 7. Lib i Sed i ) the limit of the ch Old PT 
T^b«±he aic PST is aiatio of.cquality, but as the time is given, the arc PT is 

' * I . F* 

iilnmately piopoitional^o tlie velocity F, hence, the force varies as 

' In^lhe fame curve^o6) F vanes as hence, the foice varies as • 

Now th|^ bqi^g*^oved true for the cade, it muft he true for the curve, as the 
limit of the fag^ttas R^, RT \s (810) a ratio of equality, and the limit of the 
two arcs is alfo a ratiq of equality, as follows from Newton’s Prin Lib. i. 

tern 7 *Sed i Hence, in different parts of the fame curve, the force vaucs 

► • ^ • 1 * 

^ • I • ^ •• 


}>Y 


now 




Fig. 

187. 


Fig. 

189. 


' ^T^xPJ’ 

• . St V* , 

* ‘812*. M- ipf} vanes as the force F in general, theicfoic F varies as s/ Fi^FF-, 

^ !* r m 

' * A % that 


^ • 


1 ♦ 


\: 
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tQO. 
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IS, the \c-lotity in the Cute oi diffeient ctu\e& \aues in the lubduplicate 


fio ot the toice and clioid of cuiVcitine conioinily. 

8 13. To fiiiJ. the foice tending to the focus 5 of an elltpfg^ Let P iSc the 
place of the body, 1 -T the othei iotiis, ./6\ BC ihe lenn-axis major and minor, 
ST, HZ, perpcndli^ulars to a tangent at P, and DC paialkl to Aoe tatjgent 


Put if^'Q fine of^ie angle SPT' o\ HPZ, radius bong unity, tfipn , 

1 . C '■ -i>P 


am 


l/j--- 


IIZ 


HP’ 


Iiends, 


ST y HZ 

'sV~ 71 Ip ~ Conics, S2 X ¥^=BC^', and 


/ 


^ D ^ a 

SPyUPa^CD') 


<S 


CD- 


but = ^ 


sr^ 


tbcicfbie 


sr* BC- 


SP^ X £C^ 


= ^js, heael, h 2 


zC£i- 


CD' 


alfo, by Comes, the ,, 

CD^ JC , ^ I ’ 


the foice tending to *S vanes as 


whicli i^arics as — , //C* 


iiP'xBC' 

and BC being conftant. The fitne proof holds foi the h)pefi^ If tlilt 
curve be a parabola, ST^ vanes is SP , alfo the chmiDof airvaiuie= '2^P, acd 


therefoie it vanes as SP, hence, the force tending to the focus vaiics as . 

— 

The foice tbeiefore tending to the focus of eveiy conic feiftm vaiics invetfe^ 
ai the lauate of the didatiLP.. • • 


a\ the Jquate oj the dtfianie. 

r*. ^ 

814 Diavv ,^ 7 ^ perpendicular to SP, then by fimilai triangles, 


' 

V 


sr 

11! 


SP‘ 

11! 


Iffencc, 


(fiom the equation in the Jaft Article) BC 

iBC'- zCT )'- To \ u , j e ^ 

but (811) the chord of curvatute = 


and it alfo 


2BC* ^ , 

~ ^Q — the latus redtum 


- AC ' 'AC ” 

zCD' Of’* 

by Comes 5 hence, 

This IS foi the elhpfe and hyperbola. Now if t|ie n^ajor axis of the elliple be •' 
increafed Jitie Imtte, it approaches the parabola as and as all the . . 

above reafoning holds up to the limit, it muft be tr&e, for the paiabola. 

Hence, in every conic fedtionX = ^-, when the force focus, 

813 Hence, if the force vary inveifelyas the fquare of tfjTdiftance, the 
body muft defcribe a conic fedtion having the center of force in it’s focus. 
For let SP , the angle iSPlTj'the velocity and foice be given j then 5 X*is giver>, 
alfo as the force is given, is given (808) when the Jtime'is gitert, 
ttme being given, the fpace clefcribed with tRe given veloftty is givbns ' 


hence ^ is given, therefore is given j make =L the l{i|«s ledlunj, * K' 




of 

• • 
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Oi^'a conic l^dion, thcfe quxnticigb having been pioved (Bi^) to be equil ^ 
the coiiic fcclionb. But li we know SP, ST and L, we ha\e data tuHicicOT^ 
‘ VO dciciibc a conil^eiftion , thciefore the body may levolve in the come leO^ion 

d<.tciibc4jsyA thefe data, and if it may, it taujl, as a body cannot, with all 
^ the U^ sJotal de/ciibe two different cunes. ^ 

Si 6.* Talfe P.^ indefinitely fraall, then the aica 4 ?.^ vanes as 
• li6n^e, £P^ varies as x 5P% oi (814) as X x x iSP , but (the ti^oe 
being giv^) ^ varies (808) as the foice, and about thefarn'e common center 

»* I the ^oice varies as hence, ^ varies as , therefSie ^Rx SP is 

f V tn ^ven, SP^ vanes as L in dtfferefif conic 

Fame coiamon focus" 'fEbowt different foci, wbeie the abfolute 


W?x:4arc diiferent, i^^ = the abfolute forcl then the force 

• ^ ^ I 

theWoic 9^oci\es as hence, SP^ va¥ 


vanes as 


SP 


“a > 




ies a& A X L. 

^ V 

(812) y vanes as v/’ force x ch. curv therefore at the fame diftance 
thjt'foic^SfifiiR the fame, we have the velocity (F) in the conic feftion at P : 

■velocity uTT^Jtiisle^ the fame diftanCe : \/ * s/^-SP (in the 

«Ilipf^J>««^perboIa) : ^ilSP : ^HP' ^JC. In the 

fe. 


elUpfe, iyP^.?Tr=*5PWi.en££^ which is always 

lefs^han \/^ If the major axis of the eilipfeDe"niCieafrd-yf«i? /iwi/f, the 

“^jellmfe approaches to the parabola as it’s limit, and the above jatio approaches 

"■ ^ hence, ifi a parabola, V v \/ 2 • i (645). In 

^\e hyperbola, HP = 2AC+iP, ntoce, P ; v \/%AC-\rSP s/AC, which 

. is’ always greater than s/^. i. At the mean diftance in the ellipfe, SP = AC, 

. '^heiicip V =v &t that poirp:. / 

, . •. "■'=«- • 

. 818 L 4 M^the major.axis of an ellipfe, N - the minor, P = the periodic 

time a&out «the fpeus, w=the whole area, ?z=the area SP^ deftnbed in a 
^iven time, then m — nx the number oi thefe areas, but the number of thefe 
. areas muft vaiy as P, becaufe equal areas aie defenbed in equal times, and 
^t)3.Q»£f€ie the*^re»ter*P is^ffhe greater will be the number of aieas in proportion; 

^ he'ace) m va^i^s n&nxP; therefore P vanes as ~ . Now by the property of the 

• ellipfe, 

-f* ■ .• 


fk 
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JV* 


ydilipfe, m vailes osMxN, and — therefore (8i6) n varies as 


Ml 


NxA\ 
Mi- 


conftqucntly P vanes as . Hence, in different elhpTes about the fame 

common focus jJ’ varies as Mi. This law was difcovered Ijy 

elhpfe become a circle, JM becomes the diameter, which vaiies as the 

radius R , therefore m diffaent ciicles about dffereni centeis, P varies^ 


' 

. Ml ’ 

and about the fame center, P varies as R\. 

819 “Ifj by the fame law of force, bodies revolve in different tfrcle^ibojlj 
different centeis, and 4 = the abfolute jgpCSr^g^ui 5 -<:^usj then the’'lorc<^ 

vanes as therefoie (812) y vanes as oras^I. 'Hcfi'', 

■ V * 

about the fame common centei , / vanes as ^ , 

} Siiw - 

820. The angle ^ 5 P vanes as bu^ff^fSnes as ^ ■ ^'^^ t^lefoie 

dic'd SP^ ^ ^ 

the angle ^SP varies as — Hence, in the fame orbr^'-tT-e angular 

velocity vanes inverfely as the fquaie of the diftance, dje^^rrea. Selilg 
conftant (805) when the time is given, let the oibit iDcT^t it will, _ - 

Sai By Art . 817. we have, in the ellipfe, V ,v ' s/ HR : .^/ A 

y=v K » nowJhisj5.xilIe^Ka^ jOKtrsiMsmS'^^he elliple j 

if therefore wc dimimlh the minor axis and make it vamfh, the body will move 
in a right line, and as all the reafoning holds true up to thaE limit, it muft'" 

be tiue in the limit. 1 * ^ 

I. ^ ' •* 

822. Hence, draw Pp peipendiculai toj^M, and make the minor axis 4)f 

the elhpfe vaftilh, then S coincides with J, J 1 witli'T^'’, P with p, HP becomes^ 
Mpi and the body defeends in a right line to p fiom lefl at M^Jaence, (821) 

s/fbM. ^ 

V (the velocity acquired from M xa p) — v x -pff,, but (819)" v- ;varies as ’ 

\f A L , * 

in falling from a ftate of reft, is equal to a certaii? conftarft (p^antity a 
tiplied into the fquaie root of the fpace defcribed dwided b^the fquare root 
of the fpace to be defciibed multiplied into half the whole fpace^ . 

•, • JUs* Produce”' 


V 


V 

\ 
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8^3. Pioduce SP to L, and XfikePL—PPI, then (822) the velocity (mA 


<’ s/PL 


a s/PH 


\ 


ac a bcay fall»,g,f,cm i to ^=^7^5^= 


alfo let n— 


t],*e circle at P, and ^ = the velocity m the elhpfe, then 

m ■ n :• i : s/ni s/AC, alfo 'X 

,n’ P ^k/JC.s/'^ (817) ^ 

i-^ J s/^C X s/PH s/TH X syAC, hence, m~p, * ^ 


jXSat is^??f*<>«^f‘TeTOlvin^n an elli^U, i»nft fall externally thiough a (pace 
the diftance o^the body Ironi the ol|[icr focus, to acquire the velocity 
^ inViiTellipf 

j * ‘ ^4 Let then a body, with !be foice at P continued conftant, 

mu\ fell d 3 wn PL to acq uire the velocity V the curve. For let « = the 189.. 

velocny^own with thelofCfc at P, M=the velocity down PL by the fame 
> ' ' foice,*^\^he velocity in the cuive P^, then in the time P^is defciibcd by 
a fellMstgrroUfr P.^it> defcribed m the cuive, and the velocity through is 
"^By Medfeffi 36 *Ju 4 eprelented by aP^, hence m . p zR^: P.^, therefore 




m~ /* ,: 4P^a • P^‘, 

Alfo m* . «® R^. PL, by Mechanics; 


• but«»=y>, thercfoie PP = --^^=(8ii) I PP. 

'r"^*82jt ffTtie curve be a ciiele,- and the foice be in the center, then PI,= 
iialii^the radius. Hence, aA (817,! the velocity in an ellipfe at the mean dif- 
\^tahcei=the velocity.in a cirfle, a body at that point of an ellipfe mull fell down 
__ 'half tihe diftance to acqj^e the Velocity in the ellipfe, the foice lemaining 
_• . conftmr" 

826.^^-.^ P^P=~C'ol th? chord of curvature at the point P of an ellipfe; 
jihen (by Colics) ’P£: 

\ 


« 

1. 


t.AC 
SP^ 


Now CD*=SP X PH=SP X zJC-SP- 


zACxSP-CD^ 


. 'i4£^ SP --Sit , ^ 


, alfo SE=SP-PE = SP 


SP' SP' 


. '>CP>’ zjax SP-CD' . r cr- - - V C'n or 

Jit He ’ theiefore SE _ , hence, SE x SL 

= SP\ /• * 

* • * • • 827. When 


• • 


/ 


I'lr, 

X 9 t 


Fig. 

192 


OK THE GENERAL rRIHCIPLES OF CENTRIPETAL FORCFS, 


jf 827. hen a body re^ulvcs about a centec of force, that part of it’s motion 
w Itch IS pcipendicuki 10 ihc radius veftor gives the body a tendency lecedf ^ 
trom die centei, and tlie foicc with which the body thus i-eceaes is called 
ceuh,fuocl force Let S be the center of foice, ?K the curve Melbdaed, Pr a . 
tangent to n, .<? Y pctpendicular to Pr, and P^ an ind^nifd^ixfalLaic , '• 
perpendiculai^to 5 P, and with the center 5 defence the circular arc ' 
■ 2 ^, and let be parallel to 5 P , and PF be the chord* of '’the cirde^of 
curvature Let P^ repiclent the motion of the body in the curve, ir^a ^iven# 
tmie, then Prtv jepiefents that pair of the motion which 1^ tovprds'the ceater^ 

.and bv.which alone the hnclv wnn IH ii<» oti the«given tiiwe<*fl[l'^ 

„ IS found af1tP«ir<?Ld 
of the fame time at the diftance S ^ the pemenoicvlfea^joljiia^LZtf^ has'-^ 

theiefoie made the body recede tiom 5 through ^pace equal tow!^wh^/< 
theiefoie reprefents the cenirtfiigaiiiQxoi, Alfo the centri^^^ force is repr^feifl' jx 


(808) by Now wx 


= % ultimately, but xgc vanes : ' . 


\aiies as 


tlieieforc wv varies as winch 

2 .v 6 ’ 

•> 

Hence, m the cun e, the centrifugal force* vaiies \ 

defcribed in a given time being given (805). And.atMjy&^r4 s, jf^ 

diftance be the fame, the centiifugal forces are as the Iquares of tSe"*^eas 
defcribed in a given time. 


/ 




828 


xw (bccStrftr-(8! 


Hence, the centnpet^ 

FF 


sr- 


ntuive the. 


and iK. I'lf; 

2PSj FV 

*• ^ ^ PK, 


;ntiifuga!^rce • 

2 .PS 


(as by fim tria. ^P* ©k* , ^ 

' J ‘No o* . oa py 

829 Let the cuive be an elhplc whole maijor axw is 2, a, and the excentr/tity 
= tt', and the body be at the greateft diftance from rhe centci of foice, wHich**i^ 



/* 


fiippofcd to be in the focus, then the centripetal force 

1 -pi/- , a^ — w’’ 

2 F K a -f-zv a ' a — w. 

a . • 

8-^0 If the ratio of a +mx //v be conftant, x only b&ing ■^/able, ther 
a b . m r. Foi if ;i,— o, the latio becomes a - h% hence, . b-\-nx 

a by therefore (alteinando and dividendo) tnx a ' •nx /, .confoqucntly^ 

a b • m .n ^ * * * ‘ ^ ' •v , 

831. Let VP A be an ellipfe whole focus is 5 , and'centci cjinstvlp • 

tonftrufted, that Sp may be always equal to SP, and the angle f^plo in*^' 
a given ratio G p\ then the aieas FSp^ VSP will be in'ajhe lan^'^iven latio. 

• • Now 


i 


s. 
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\ Now let a body revolve from /^^to about the center of force S> m the lame 

N time in which vxnother body revolves from F to p. Then as the area FSP variA 
FSJ^i and |^oc) the area FSP vanes as the time, tie area FSp vanes as the 


l^s FSjT^ and f^oc) the area FSP vanes as the time, tie area FSp vanes as ihc 
time, copfecmeipy the body delcnbing Fp is (807) uiged by a force tending, 


toS. e the choid of cuivature. Now (827) the cenliifugal foices oi 

v 1 G * 

\ tliA-l-TP bocyes are as G* ; 01 as : jtm* Ivt them Iheieloiebe 

\ /x/ * . ^P iP V 

• • ^ 4 * 

. » fenfed by thefe quantities j hence, the difference of the c»ntrifugal forces is 

Pt recede from the center by a centrifugal foice which is greater 

/ t^^rj^T^tha n that Jjjr.TvfricIuP recedes, it is manifeltchat p mufl; be 'afled 

•^wonoy^NrSntnpetal fpffce which is gi?!S!er by the fame quantity, in older 
- Jtwrigffroy It, fo that the bodies may keep \ the fame diftance. Now (82B) 


* X ^the centrifugal foitoe in the ellipfe at ?) : - - ■ 

. 5 / * X Pv 


^ , the\^ntripetal foice m iKs^lbpfe at P, henc^, the force in the oibit FW'xip 

^ / ““ But ST , and Pv = 

• ^ redtuin, and CD the lemi-conjugate diameter to PC; 


rtbia ' 


of thefe forces is 


85a. If the orbir^jtef' 


RG*-RF' 


SP* • SP.* 


^ near to a circ]^«irfii 




J ’"^'Tuaybe In 

I 

RG* — 


Inaderto vaiy -veiy neaily as any power of SP, or as iSP®“ 3 . Foi 


•’f : SP’^ :: f* x SP-\-RG*^RF* : SP'> :: (putting r-A;=.- 

where 7 ' is the grea^ft diftance, and negledting all the teims wheie the 


— ‘powhs^ ^ enter ^Bovgrhe&ft, as being very fmall when compared with the 
reft) •ir’’ 5 r-» F : fT* — j now (830) this ratio will be 

conllafKir^we affurae the conftant terms on each lide in the fame ratio to 
leach othev"^the coefficients of the vauable terms , but if the ratio of the two 
uaft, quantities be conftant, the ratio of the two fiilbrauft be very ncailyfo, 
* ^wc hsfve oiil;^^cgfeaed, terras which are veiy fmall iti lefpect to tliofe vvitich 
• rotamed f smunie thciefcre F® 7 ’+RG® - jRT* : T’ as --F®v : 

and the ratio of the two fiifl leims above oecotaes very nearly 
' fl. .* B conftant j 


I 


so 
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^onftanti but as R and T are very nearly equals the proportion becomes G* : jF*' 

jP 

I : K, very neaily, hence G = Now the two bodies 4t « bemg^ 

>/ ft < ( ^ 

always at the fame diflance from <S, inuft come to an 


^ 

apfide time; 

1 F=i 1 8|5*]^heyc(f,^ G = 


bat the body in the ellipfe comes La an apfide when 
iS-Q? * / 

the angle defcribed between the aplides by the body in th?! cur^^^i^, /' 

v/ 1 

when the force vanes as .the //- 3 power of the diftance If a - 3 = - a,* the , 
diftance of the ^aplides is 180% if « — 3 be a negative nutnbea^r^fl/^r tlian 2,. 
the dift+nce of the apfides is greater than 180°, but if it be hfs tiian*2^ the^' 
diftafice IS left thana8o». That is, if the fe-vaj^j^erfely as^^Si^arb ^ 
of the diftance, the apfides of the QjJait-4e{cnbed a|;e atr&fl^%fijljduforee vary 
in a greater or lefs ratio than the/inverfe fcjuare o?^he diftance, the^apfi^', ^ 
are progreffive 01 regreffue. I 

833. Let the forcevary as — ^ ^catettd^nce b^aA 

fumed unity , then by eiadly the fame procefs, wTfind G = 1 8o» x ^ ‘ ' 


, , . ' ctt 

the angle between the apfides. . — ^ 

834. In tht former cafe, if the diftance (a?*) of the apfidgs^hC’lwer , we ca’i^" 

find the law of force, for if then » = — ^T^nfequently^Klaw 





- < 


of force is ■SPTJ'—i. 

835. TiievxrncliIfiJHrEith^ deduced when the force varies in the invcrfe 
fquare of the diftance, have been upon fuppofition that the bodies were at-— ' 
indefinitely ftnall magnitudes , we muft therefore confider whas-Wl thc-’»4n 
confequence if the bodies be fphencal, and of fintre magnitudes. ,* 

Fig. 836 Let 0 be the center of the circle ABCD'dasm OP perpendicular 
I S 3 * tb® plane, and' let P be a corpufcle attrafted to th’ circle, defciibe about 

the circle vw, and let the attiaftion of. P to aSy-pi^Eick Put 1 

PO=a, Pv=x^ P=Z>^A'^S 9 » Ov'=x*~a\ and p it -v^the area 

of the ciicle vw, hence, the fluxion, of that area zpxx, arj^y the refol 

lution <rf forces, x ’ a <?;»?-> the attrafibon of P to sf in^tlA dire^iion P^f ' 

hence, the fluxion of the attraftion of the coipufclf P to tife circle iPw Will * ' 

be %pax, whofe fluent is 2pi(Xi but when x:=a, vO=p, and^hS-aTgactibuT'' - 

, .*>, vanilhesi 


ON THE GENBPAl PRINCIPLES OF CENTRIPETAL FORCES. 

. vanilhes , lienee, the fluent correaed, or the attraaion of P to the circle 
- zpa^, which vanes jas i“ “> and when x = FJ, the attuaion** 


II 




.* tothe«'hol(Ncirclc vanes as i— 

. • g • 

\ Let JBCD be a fpherc, P a corpufcle, -diaw PAOC throuai^the Fig. 

. • '^cefl^.O, Lid'let BvDw be a feaion perpendiciHar to ic Pul A^a, 194- 

‘ OF=b, AP=b-a=£, PK=y, and let PB -£+,x, then JK-y-c, and 
• CK= i-a-y -f-y, theicfore y - c x za—y + c—BK'^—BF*' — PK.* =■£-{■« —y% 

therefore (836) the attradioo ofP bo 



i^^lhe ciicie*'S?J!Z)w is asyr*- 


xbc^-ze-t-A^ aax-x^ cX + XX 

or as — == ; alio y =- 


lb X c+>: 

^ h^nceTtliSS^j^^ the attiaftion of P to fphere is as 


i X + "" i> 


3 whofe 


is 


ax 



t 

^ • 


the atii^dion to ABD y\nd when the attiaftioa 

becomes , which varies as ^ Now if the denlity d 
• 3b e 

vary, the attradion muft, caceiis panbus, vaiy as d, 
da^ 

e attiadion vaiies as -jr - But the quantity of matter 

varies as da^‘, therefore the attiadion v aiies as Hence, if the fpheies 

. wefe evanefeSnt in~^gnWtc7‘i^h'the fan^qu^ngj- y of matter, the attradion 
would be the fame , confcquently the attiadion of acorpuTTIe fb a fphere is 
juft the fame as if all the matter of the fpheie weie colleded into it’s center. 

, If the corpuicle be aPthc fvhface of the fphere, then « = ^, and the attiadion 
w varies ad. 

,>-/ ’ 8'38, Hence, if the o^rticles of two fpheies A^B, attrad each other by i 

^ foice valuing m the mwrfe fiquare of the diftance, the attiadion is the fame 

Z * as iMhe .whole quj^ttT’tJr matter in each fphere weie colleded into it’s ic- 

fpedJv® Antex, becaufe the attradion of eaih corpufcle of one Ipheie A to the 
• 1 other {pVere B i 5 the fame as if the whole quantity of matter m £ weic con 

♦ centrated .ihto it’s center, and theiefore the attiadion of the ickole fphcie A 

• \ to P muft ^.Ifo Joe •the fame as if the whole quantity of matter in B were col- 

• • intok 1^ center.* * yence, what has been proved foi two coipufclcs 

• .aieiadiQg <4cfe othei when the force vanes mverfcly as the Iquaie of the dif- 
^ tAnce, Roldst true foi two fpheres, the particles of which aUiaCl each oilier ac- 

f» ' ,s B 2 coiding 

• • 7 

I 
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cordmg to the fame law. If tliciefore (815;’ the pai tides of two fpheies auiad 
each other with a foice varying in the inverlfe fquare of the diftanfe, one#fphcie 
will defcnbe a conic fedion about the oVher in it’s focu4 Nov» all the' 
planets are Iphencal, and (aiy) they revolve about the fun m hav'yio 

the Inn in the focus of each. Hence, we conclude, that each ^anct'is at- 
traftjd to the fun by a toice which vanes inverfely as the fquaie of,the d4a;nce 
Ox tWeu centers, and that the conllituent paiticles alfo attrad fcacli otherVy'a 
roicc Viirying nccoiding to •the fhine Liw * ^ 

839. A body P attiadixig anothei body exerts it’g in^ence ^iiiaily . 

upon evQy paiticJe of and theiefoie the acceleration of ^ t o * P js «rhe 
fame Whatever be the. quantity of matter m and Av«i]be m ^ 

the quantity of matter in P, the nosg^tndes of the. to 

be indefinitely fmall, fo that everf particle of mat^vjn one body mayjje 
fuppofed to be equidiftant from ery particle m the other.-:: In hkejjj^nrsr^L i 

appeals, that the acceleration of towards ^ from the attrsdion of bs ’ 

in proportion to the quantity of /natter in ^ 

840. Let theiefore P and ^attrad each othefT and G be then cenU of * 
gravity, then the acceleration of .^towards P from the adion.of P/-.the 
acceleration of P towaids ^ from the adion of.^ . P ^ 

hence, the fpaces Pb, moved over by ^ and P from tIiel^^j^iB!ll^ attiac4 ' 
tions in an mdefinuely fmall time, will be as ,£^<*?onfrqucV llylCfl * 
niufl: be to^Gb in the iameraho, therefore G continues to be then '* 

giavity Hfncc, tJie centc'Oi^ giauty is not affeded by the mutual attw»6hM^X» • 
of the bodies. 

841. Now let ^ gnd P Jg»T>ioieded in Pq-oppofitc Ind 

parallel to each other, with velocities as G^ GP, or as Ga . Gb, and 
let Pi be the fpaces that would have been defenbed m the tune m which 

the bodies would have moved over ^a, Pb by their mutual actions,* .and ^ *- 
complete the parallelograms Pspb, then thh bodies at the end of that*' 

time will be found at q and p Now the fpaces di^cribedin the fanic time' v. 
being as the velocities, 01 aq, Ps, 01 bp, G> Gb , alfo the aivde ' 
qaG^pbG , hence, the mangles Gaq, Gbp are fiWr^tJ^^^uentlythelMe ' 
aGq=bGp, and therefoie pGy is a ftiaight line , alTb GqGp • (Pat kb •; 

Gi^ GP P . hence, G is the centei of giavity of P atid they 1 

come to p and q, confequently the centei of gravity will ftill be^tieft, and f 

the bodies w ill dclciibe fimibi iiguies about G. • * , * /, 

842. Now let us conceive each body to be ad^d’upon, at'shejfune turfb/l * 
by equal accelerative forces m the fame diredion, then the rehii^e motiofis 

of the two bodies will not be altered, and theywill frill continue to ticicrif^ * ^ * 

V ‘ •'i firailar 

V 

• * • . 


s 


* m 


ON 
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fimilar figmes about G which ib how m motion And by vaiying the motion 
the ^yfleiiL,* vve may vary the abfblute initial velocities of P and ^ as we 
pleafe. Hence, iJ^P and ^ be projedted with any velocities, they will continue 
to revob'C abs<it their ceutei of giavity, and defenbe fimilai hguics about it 
And the eSntet of gravity not bemg diflurbed by then mutual attia£l''0'is (840), 
willy continue to move on uniformly in a ftraight luie Hci'cC, tue cester 
of gravity of tlie folai fyftein lemains at icft, 01 motes unifoimly in a 
. flraiglit line, the lattci of which is piobably the cafe^yzg). Sii J Newion 
^^ s* therefoie ?oncfuded, that the earth and moon levolve about their 
- '^ccnt^.,pt^®vity , but Frisi has maintained, that this will not be the cafe^ 

JJ^Xjinldl^the earth and '?K)on had been at fiift projeAed m oppohte diredcions 
^with'wlocitito'm^ifely a^their quantitie?^ maltei, it appeals liowevci, from 
Sirha^ improved above, t>at this is by no means necefiaiy 

<f43^'*'*'feet,ythe*^dies 'h>e fplienc?!, and the panicles attiact each other 
by a foice varjnng in the inverfc fquaie of the diflance, then (838) the 
•whole attiadion will vaiy invcrfely as the iquar^of the diflance of tlicir centers 

Now 'as the attraftion of ^ to P vanes as it niufl vaiy as , becaufe 


k>CP’ 



I 


t? in a.given ratio j and as G is in the line the acceleration of 
^"rrtfti^^,b^he fame as towards P , hence, is attiacled towards G 

vsuthi mfee which VMi^as -r^ , theieforc (815) ^dcfcribes about G a conic 

Tedion Tiavmg G in the focus. Foi the lame reafon, P will defenbe a fimilar 
; about G in i£>, focus Aliiir^3*><^G. < 3 P 111 a given laiio, and G is 
....,^'s in the line ^P, tlieTngulai velocity of aboiiijr^mufl be equal to 
It’s angular velocity about P, becuifc, in lefpcLl to any fixed hue LlM, klC 
ap,d - ^P al.vavs .m ake the finic an^le , tlMncfoic ki dcfciibcs a figuic about P 
%nilar to that which it defeubes about G, and in the fame pci iodic time. 
Ifow all the planets aie attraded to the lun by a foicc vaiying accoiding to 
>'''the above law, hence, e^ch planet dcfciibes about the center of giavity of 
itfelf ^ajtidxj-'e fun, an e^Hpfe mg that tcntei in their focus, except fo fai as 
" as they diflvrb each others motions by then mutual aitiadions. 

I 844 Co'nceive a body Z to be placed at G, whofo atlui'-lion upon fliall 

* be equal tb'that o*f ?, then as the rttradtion vaixs aa the quantity ol maitci 

• .directly ^nd*th(t fquaje of the diflance mv’S’fcly, we have - -jj-p*, hence 

,Z^P*x Now (Si 8) the fquaies of the periodic times of bodies ic- 

•volving about Che focus of an cllipfc vaiy as the cubes of die luajoi .V'cs dacdly 
and the abfolute ford’s inveifcly , theTcfcic, U ‘he pcnodic tunc be given, the 

• • / • • mnmr 

• i 


/ 
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^ r’f “"'if 7'^ f the major 

- of the ellipfe which ^ clefcribes about Z the major axis of tifie ellipfe 

which ^ would defciibe about P at lert ui the fame pert^dic time •: P' x 
^G'‘ i * » 

^ figures, the major rfxis of about 

^at.cft the ma,oi»x.s of ^ about Z . ?/ ^ 5 , hence, vL™u„d,ng 

thefe latios, we gee the miljoi axis of the ellipfe which ^defciibes about P when 
^ ley levoive abput the center of giavity the majoi axis SDf tHe ellipfe wfiiclr- 

^^ufd defenbe about P at reft in the fame peiiodic time 

This IS the fa.me co^ufion as that Reduced Isf^r I NARtreh'' 




- — a,o iiiai (jicuucca T 5 f<air j p.'iSR'tTeh' 

in a very diffaent mannei, in hii^Punapia, Lib. 2. Pr. 6^. Hence v. 

as the auintitv nf n'i;^tlpr in t-li/a Am fU a.}. - ' 


as the quantity of matter in the eaith that of the^ioon^S i tWi 

fvtuev revoU 


axis of the elhple which the moon defcribes about the earOi (/.uey revoivmp 
a out their common center of .gravity) . the majoi axis of the ellipfe which 

the moon would defenbe about the earth at reffl^i the fame time • tqI. ,s'' 

; 429 427. ‘ 

845 Let a body E revolve about a body S in-a circle, and ^ th 
let a body M levolve about £ m a aide, and be carried wdL^^ut .to 
find the diftuibing foice of 5 upon M revolving abwj^rSi^pofintLil^S ^ 
be very fmall when compaied with SE, and the force to vary iiiver% a^hc 
fquaie of the diftance As the relative htuation of >/ to E is juft the fame- 
as it £ was at reft, let us fuppofe.£ t^-h^rca, Prodijce SJE to D, 

CEB pcrpcndi£ul4Ua-^D, and MK to CB N^et ES reprefent the attrac- 
tive force of £ to 5, then ^ ^ 


SE 


the force of Af to* S* = ^^s- 


the force of S upon ihf 


i>E- ' SM^ 

hence, by the refolution of forces, SM SE 

sW 

in a diiedion parallel to ES, which therefore = M! = l=i£L,r Jer . ' 

^ SAV SE- M]fJ ^ 

S.MK, omitting the other ttinib of the (erics on acco'unt of theHT fmallnels. 
Lienee, as the force of £ to 5 ' is lepiefented by SE, we have die dift 

fuence of the forces with which £ and A/areduwn in diied^ions pefpendicular 
to EC, and thciefore 1* repiefents the difturbing foVee of S upba M in that 
direction, pioduce theietore KM to r, and take Mr=r^Kl^^ and rAfr^will" 
repreftnt this diffuibmg force This force is cdled t\it ablaUtiSus foro^'bf. - 
caufe it lends to M from E, and in the oppo*lite femhiiMe 
force IS conceived to act m the contraiy direftion, becaufe M beins there*^ 
lels attraded to 5 than £ is, the effed is juft the ferae -as ifil5>eic drawn’ 

,* * ' • ,Ao'm 
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from E in the oppofite diredion. , Hence, the eflfcd of this force is the ianie 
>n each femicircle CAB, BDC, or in oppofite points of the circle ABDC. 
* ~ ' SR^ SE* 

Alfo SM : MI^ ’^SM^ SM* ^ ^E=ME very neaily, the difturbing force 

of 5 uponJVf in the diredlion Affe, this is called the adiitmous force, becaule 
It tends to dra*w M to E. Henc^ the addititious force . the ablatitious force 
ME': Mr, qi ^MK, . rad thiee times the of the angle M£C, the 
j^-diftance* of M from tjuadiatures. 1 Hence, m lyzygies, Mr=^EM or 
1 t" froip which, if^we take the acdititious force, tliere remains 2 for the 
/T^hoIeTOice with wbrnfa M is drawn from E in fyzygies. • 

S^.’^'^The difturbing force ME compounded with tlie attradion of M to 

^JB, which l^aries as makes a- force 'dnich does not vary as , and 

therefo!iia.i,^y akeyjog-^diri^ of foice it muft alter the form of the orbit j but 
becaufe the^orce'A/S is direded to E, it will not (805) defliroy the equal 
defcription of aieas about E in equal times. But as the diftuibing force Mr, 








'V 


•• 

:.y 


• ^ ^ dr %MK, neither varies as » nor is it direded from M to E, it will both 
^ % * * 

^ ~ form of the 01 bit and the equal defcription of areas in equal times. 

' Ther/efoi‘*'-A/ will not continue to defcribe a circle about E 
^ ", 

•"'v 8j;.7.,JRefolve theo^ddititious force ME into MK, KE, then MK ading in 
oppiyfition to Mr ( =3JVfir), we get zMK for the whole force with which M 
IS drawTi from CB in the diredion KM, hence, we may confider M as aded 
by two difturbing forces, one^f which = 2 MK in the diredion KM, and 
• the^other=^.£ m a diredion peipendiculai to KM, the foice of d to jE being 
repiefcnted by^SE. Hence, the addititious force at M, and thefe two^diftuibing 
forces, will always be as ME, zMK and KE. 

i % 848. Hitherto we have fuppofedthe plane of the orbit of M to coincide with 
that of E, but if It do not, then as the forte Mr ads out of the plane of the 
' dthirofVVf fexcep't when the nodes he in the line SAD) it muft continuilly 
the plane^of it’s oibit, the plane of the orbit therefoie continually 
changing will taufe a coqftant motion of the nodes, and a variation of the 
^inclination gf the orbit, the method of computing which will be afterwaids ■ 
fhown. Thefe aie, in general, the confequences of the difturbing foices, the 
particular cffci^s of which we Ihalh now proceed to coeCder. 

, 84'9. Refolve; the (or«a Mr into Jkfj in the diiedion of the tangent to the 

p5int*ikf, an^Mw in ^he diredion EM. Then as the body moves fiora C 
to!jf,*the.force Ms admg in the diredion m which the body moves, muft acce- 
‘ krate the body, hence, the veloaty of the body is accelerated from qvudiatures . 
. , ' 4 at 
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at C to fyzygies at J Butwhilft the body moves from A to D, the foi c- ilf ? ads / 

^ r A contrary to the motion of the body, and cherefore it letanis the ^ ' 

body as much fiom^ toB as it acceleiated it from C lo A, audllie fanTc is tn»e 
01 the othei femicrcle BDC. Hence, fidrp quadiaturcs t'T'fyisfygies the bo^y 
IS accelerated, and fiom fyzygies to quadiatji.es it is as much ictarded.^ confc- ’* 
quently the velocity is greateft in fyzygies ^d leaE in quad.\tui-es * ’ 

850. Hence alfo the areas will be accelerated fiom'quadiatufSi. to l^'zyetes, 
and lelardcd hom fyzjgies to quadrature!, for (809) ulien ilie (ofee jende: * ' 

in co»/c^re,i^tiie aieas are accejeuted, and when it tends in ainerddenm they 

^ g-te^4zfg.e^^. 

851 The ablaticlous force Mr ( =3MKJ vanilhes in quadiatu’^id 
addiiitions foice remaining, the wfiole force of M\E m quadiatqTS^i'eic/'^ 
the gieateft, and therefoic the whole gravity of JlAr^is incieaied,1tml 1/ ^ 

f)zygies Ml ,s the greateft, and theiefoie the foW^f^no jS-^TtlTeie^the 
leaft and the whole giavity of Jhf to ^ is dimmifhed; for as Mr is thcie ' 
-3^ if we take fiora it the addidtious foice :^A£, there remains 
loi he whole foice with winch M is diawn fiom E. The gravity therefore of ’ . 

to E IS twice as much d.miniflied in fyzygies as increafed m quadutmos; 
and in a whole levohUion, the giavity of M to 'E is dimimflied 

52. As the force of Jli to E is gieaieft m quadratures,»the 1 a^a V^-«n 

II ?!r’i >n thofe points, and as the ytftTcity is thei^aj tife 

tlic curvature of the orbit ishlicre 

^k ateft, the curvaruic being as the ftgitta direaiy and the fquafe of the 

f44'r*' d’ Cenfequently the fagitta, is 

Angies, iind tlie^docity, and confequently the arc, is greateft; the cuiXture • 
le 01 bit muft there be the leaft. Hence, the orbit muft pjit on. the fbrni 
ot an oval, whofe longcft axis pafles through quadratures, and the fhortefl 
through fyzygies; confequently the body M mufl rScede fuither fr7ni E m j 
quadratures than in fyzygies. It will aftei wards be Ihown, that the orbit is x ( 
very nearly an ellipfe. This elliptic form of the orbit, and tie above- Aefttioi^d^ J 
(849) accelcr.ition and retaidation of velocity, caufe, w\en applied to^&^on — 

an inequality in it’s motion, called it’s ^ 

,'^y di mini tiled, the adion of ^ on £ and M will, loe ‘increafeti 

and then diffeience, or the diftuibing forces, will be increafed, and as the ’ 
©avity of Mco E is,* in a whole involution, diminiQied byAhe difturbing 
orces, that diminution muft be increafed as E appipach^s to ST, -confeauently* ‘ 
the radius ME will be increafed Now m diffident circles, the*period 4 t«?e • ' 

vanes 111 the fefquiplicatc tatio of the ladius diiedly, and the fquare root, of the *. 
ab olute force mverfely (8 18), hence, as, when E approaches to *the ladius- 

*- * * . is 


h 
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. V IS incrcdftd and the force dirainiflied, the periodic time mufl: increafe. There- 
ore revive about S in an ellipfe having S m it’s focus, when E is in the 
^iigher apfide, the radius ME and the periodic time will be the leaft , and 
. ^ ^ower apfide, ME and the periodic time will be the greateft. 

. How th<;periodic time is altered by the alteration of the orbit of E from a 

cimle^to an elhpfe, will be afterwards Ihown. Tli^fe are the eifeds of the 
. roroes cfyS upon M, on fuppofition that the orbit of M would 

. • '^{indep'eadent of the difturbing forces) have been a circle. 

, ' /• 54 / As the mpon’s orbit is very nearly a circle, liinJai; effeds will take 

orbit, from the adion of the fun ; that is, when the* earth /'s 
• V moon’s orbit will be dilated, a:iid the periodic tune 

and when the, earth is furthefl: fiom the fun, the orbit will be 
^^^conjmded^^ and the pet?odic time dimininied. Hence, the moon’s periodic 
^ time a^diftan^s- 4 eaft in furamer, and grcateft in winter. We come now 
» to confider the eSed of the difturbing forces upon an elliptic oibit CABD. 


\\ 


^ 855. Let M move in an elhpfe about E in it’s focus i ^uta=ME, and let 

reprefpt the addititbus force, and let the natural gravity of Jhf to £= - 

Now^nNimdratures*, the whole force (845) of M to E= - +«= il±£. 
J • - a* d* * 

hende, with that force (833) the diftance of the aplides = 180" x . ^ ^ 

,/• \ ^ ^ iTi* 

_ T-VJlimch .s kfs lha» .80-, becaufe k kfs ihaa uniq,. toefore ,be 

aplides are regreflive when the body is in quadiatures. Now in fyzygies, the 
^ W>ole face ofM 10 £= ^-2^' (845', ft=refcrcC833),hed.iLce 

apSdes =i8o-x which i, greeter thea .8o-, beaufc 

greater thai^ unity ; hence, the apfides are progrelSve. But as the 

fcjrce z a wh^h caufes the prSgieffive motion m fyzygies is double of the force 
, a which caufes the legreffive motion in quadratures, the progreffive motion in 
fyzygies is gieatei than the regreflive motion in quadratures In the points 
. . ^etween quadrates and fyzygxes, it is mamfeft that thefe principles cannot 
. . ^ ^PPiied the mdttoq of the apfides, becaufe the force does notvaiv 

powci of^ie diftance', and moreover, there is aforcerWr aaitio- per- 
• ve*^.ictrlarly to, the ladius, which alC, pioduces a motion of the apfidet, we 
/ flidl afterwards fhow upon what principles we may compute the whole motion. 

856. As 
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856. As the attradipe force varies inverfeiy as the fquare of the dtftaneo, 
we may reprefent the attiadive foice oi E to S by-^^, and of jW tO S by 

t ‘ 

, hence, SM SE that part of the force of S upon wlwch 

, rc ^ t 

ads parallel to ES- j oinitHwig the other 

\ f* 

terms of the fenes on account of their fimllnels; hence, the difference'oPthe'*' 
forces of S upon Af and E in a duedion perpendicular to (IB, cJ? the ablatitious 

force* if.theiefoie the pofition of M be given, and vaiy* the 


ablatitious force vanes as pofition <?f,,M be given, ;|j 



SE ^ 

the ablatitious to the addititious force is given (845)7~iHe4n;g, if t^g^ofition 

' I ^ 

of M be given, and SE vaiy, the difturbing forces will vaiy as xrr; , and if 

SiL* 

m 

the abfolute force (.^ ) of 5 (hould vary, the difturbing forces will vary as ~ ! 

f < 

But ifP = the periodic time of E about S, then (818) i^vaneOs?- 

P - SE ^ 

Alfo, if d=the diameter of the body S, and w = it’s de^jfity, then 4 varies*'^ 

X m, hence, the diftuibing foices vary as — x m, or as the cube of the 

apparent diameter of S feen fiom and/it’;, dcnlity conjointly Hcncc if 
the abfolute force of S and the diftance SE vary, the diflurkng foicts'fond 

confequently the eirors produced by them, vaiy as or th«y vajy as the 

cube of the appaient diameter of S feen from E\ and the denfity of S CDn|oin"Iy. 
Now thefe are the lintar eirois of M feen fioin E] and as ME is conflaat, the 
angular errors will vary in the fame ratio • - ^ ’ 

857. Now let us fuppofe ME only to vaiy, 01 which is the famy dpal^cive" 
two orbits to be defenbed by M, and M to be fimilarly fituated in themj then 
the addititioub force laiies as ME. ^845), and in*any given politi«n,of M, tl^ie 
addititious force being to the ablatitious in a given ratio (*845) * both the dif- 
tuibing forces, and confequently tlie linear enors g&nerated by them in a given 
time, will vary as ME Hence, confidenng two differejit radii ME^ if ih any 
given pofition of M, we fuppofe the bodies to dqfcfibe a giv&n indefinitely fowll 
angle about £, the linear errois generated in that* time wijj^be as the Joreg* 
ME X the fquare of the tune , but the times of defcribing equal angles abouC 
£ vnllbe as the whole penodic tunes (p), hence, the ipear’esrors will be as 

,ME 


\ 




* \ 
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ME >c/*, and as the Cime is ^true for eveiy indefinitely fmall fimilai paits of 
the circles, the linear errors in a whole revolution will vary as ME x f', hue, 
rhe at?g,ular e?rois are as the lineaij errors diredJy and the radius ME mverfely, 
wierefore the anglilar errors vary as^*. Hence, from this and the kft: Article, 
n'ME, SE, and the abfolute force of <S vary, the angular errors will vaiy as 

4 a • . Or if^for 'W fubftitute ~t, the angulai errors vary as and if J 
Jr ^ ^ ir > otr oJL 

‘ be* given, they vary as Now the eiror generated in any given time x 

the dumber of tSofe times in a revolution, or x p, (for that number is 
^in jiroportion to the time of a revolution,) mufl be as the whole erfor,in tRe 

, *'*>i«ensHi revolution, or as hence, by dividing by the errors in a given 

^ P ' 

tim'e *«J 1 vaiy^as ~ Hence, the mean motion of the aplides of the orbit 

defcribed by M will vary as the mean motion of the nodes, and each will vary 

''.as the excentncity and inclination being fmall, and remaining the fame. 

* 

% V ' 

- — • .jS^ 8. ByArr. 84t? the addititious force ME • the force of £ to 5 ME : SE^ 
and, the forces of bodies revolving in different circles being as then radii diredtly 
j and the fquares of tlje periodic times inveifely*, we have, the force of £ to 5 : 


’the mean force of ilf to IE ‘.Vt:? 


. * hence, by compounding thefe two 

proportions, the addititious force the mean force of M to JE p* . J’*. 
Hence, li •jb 43', a.ndi P — 2,(>sd. 6 h 9', we get the addititious force 

of’ the moon it’s mean foice towards the earth i 178,725 "Now (845) 

the ablatitious foice : the addititious ;• ^MK ME, hence, this, compounded 
with the lafk piopoiti«n, gi’Jes the ablatitious force . the mean foice of the 
*moon to the earth ^MK : ME x 178,725 • MK : ME x 59,575 But 
, ''Ms the ablatitrous force Mr : KE • ME, hence, Ms : the mean force of 
tlid''moon to the eaith MK x KE ME* x 59,575. If P p • i • a, we 
havC the addititious force , the mean force of the moon to the eartti r n* i, 
jand the.abktirtious foice , ’that force . pi*MK . ME. 

’ * 859. It 

• \ pr’M ^ 

• PorJJSio) F vaiieSiAs , because in this cafe iir:half the chord ofemvature, but if P be 

• m ^ ^ * 

dtfe piSiodic timof V vanes which vanes as hence, by fubftitution, F varies as ™ , 
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859. It Will be pio\ed in the next Cha-pter, that the nodes of the orbit 
dsfcnbed by the body M, have a letiograde motion. Hence, if inftead of 
one body M, we fuppofe the whole ciicumfeieince of the circle to Ue filletfwidx , 
bodies, the fame efieft will be produced on each, and the nc^des of ;he mbit/' 
of each will ha\e a retiograde motion, if theiefore we fuppqfe theTe bodiej 
to be^ connected togethei, fo as to foima folid iing, the nodes ?)f tins 'ring 
will have a retiograde mofion. Hence, if this ring were\oir£ci to'-si Iphferical 
body, fo that it’s plane might pafs through it’s center, the’nodes of that’pla^ic C 
would have a letrograde motion, but Jefs than before, inafmucl}, as the foice 
which caiijes that 'motion would have a gi eater quantity 0/ matter to ihove, ' 
and therefore the motion would be diminifhed as the ineitu was increkd/ 
Now the earth, from it’s lotation about it’s axis, has it’s equatorial 
greater than it’s polai, from the centrifugal force of it’s parts; hdri^tlie^ 
cxcefs of the quantity of matter m the earth about the equator above tlfStin 
the fphere whofe diametei is the eaith’s polar diameter, anfwer^ to the^fore^ 
mentioned ring, confequently the attiaftion of the fun and moon upon this 
excefs of matter at the equator inuft caufe a motion of the equinodiaJ points 
upon the ecliptic, called the PreceJ/imi of th E<{mnoxes, the quantity of winch / 
will be afteiwards inveftigated. 

860 Now let us fuppofe CJBD to be a globe revolving^diit an-rtSTs-- 
perpendicular to that fedion, and conceive a canal to be cut upon it’s fuiface^ ' 
m this fedjon, and to be filled with a fluid. Then this fluid will be acceje- 
rated fiom quadiatiires to fj^zygies, and retarded from fyzyg.es to quadratures, ^ 
by the force Ms Hence, there will be an accumulation of the fluid in fyzy- 
gies, which will caufe it to life higher m tliofe points, and the fluid bmno drawn 
from quadxatures, it will there be depreffed. But in confequence of the 
motion acquired, the water will flow beyond fyzygies, and will. continue to 
life, until It’s motion be deftroyed by the foreg Mi in the next quadrant- " 
the fluid will therefore continue to rife to fome diftMce beyond the fyzy/ . 
gies, and the higheft point of the fluid will be beyond the fyzygies, and the* 
loweft point beyond the quadratures. Thus the fluid will be high/fh aneP^ 
loweft at the lame time, at tlie diftance of about ^o®. If we ^up^fe * 
the body CABD to reprefent the earth, and 5. the fun or mcQn, tt 15 
manifeft that their attradlion will caufe the lame eflefl upon the lyateV which ^ 
covers it’s fuiface, and the fyzygies being that meudian on which the fun or 
moon is, it follows that the time of the high tide from the fun mr.inoon will 
be fome time after they have palled the meridian, ^pd tlfe low watef ajbout * 
fix hours after. When the fun and moon are ift conjundhon^f oppofrtion * * 
it IS manifeft that they will both tend to raife the w’ater at fhe fame placV- " 
and therefore there will then be the higheft tide, and when they are da 

quadratures* 
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quadratures, one tends to iaife» the water where the other tends to deprefs it, 
and theiefore,the tides will then be the leaft Thefe are the geneial pimciples* 
V of the tides, which will be fuither explained in a future Chapter- 

' 86i. la Alt. ^45, &c. we have luppofed that M revolves about E at icft, 

I yiiereis Jt ij proved (84a) that two bodies revolving and attiaiSling each 
othei , will igvolve ab(3ut their center of gravity j but the motions of M and E, 

^ (which we will’llTppdlc to reprefent the moon and earth) about that centei aie 
difturbed by fimilar forces by S reprefen ting the fi.ir!.j and if the fum of thefe 
fopces be referred tp the moon, and the earth be fuppofed at reft, their effedt 
difturbuig the relaiive lituation of the earth and moon will be thg fame fs 
relpedHve effeds on each took place, and they revolved about their 'center 
-■^^rsvitji.G^ For heie th| addititious force of 5 on i\d to the centei G is MV, 
GS reprefenting the foice of G to S, alfo EG will lepiefent the addititious 
, '"foic^of £ to G. Hence, the fum of thefe forces =ME, the whole addititious 
force by which the tendency of M and E towards each other is increafed, which 
IS the lame quantity as when E was at left. Alfo the fum of the ablatitious 
forces in the foimer cafe* is equal to the ablatitious force in the latter , for the 
, of each body from quadratuies being the fame, the ratio (845) of the 

abU«tibu44d the addititious forces are the fame, and therefore the Jum of the 
"X ablatitious forc^of M aJld^ when revolving about G (for they ad m oppofite 
( diredions) is equal foTUe icblaqtious force of M when revolving about £ at 
s.) reft- In the theory of the mocn therefore, we conCder the moon to revolve 

about the>arth at reft, and refdi all the difturbing force to the moon. If A 

\ 

and M reprefent the malles of the earth and moon, then repiefents the- 

^^attradiop of M to E, and repiefents the attradion of F to Af, hence», 

.M IS fuppofed to he atfradpd'to £ at reft by the force 
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ON TB-E THEORY OF THE MOQ^N. 


Alt. 862. TN tlie laft Chaptei we explained the general principles of tijc 
<■ ^ diAurbing foice of the fun upon the moon, and the nature of the* ^ 

effecls produced by it; but to cntei into a computation of all thefe 
would require an Inveftigation of the nature of the cprve defcribed by a 
attrafted to two points, called the Problem of the Three Bodies. This problem 
has been foWed by M. Claira-ut, in a Treatife, entitled, theme de la £mie, — 
by M. Euler, in his Theona Motuum Luna, by M d’Alembert m his .« 
Reciter ches fur different Points importaas du Syftime dn Monde , by Frisi in his 
Cofmographia Phjfica et Idathemaitca, pars prior.-, and' by T. Mayer in his 
Theona Luna, juxta Syjiema Nezotomamm, Mi. T. Simpson began z,ffIuQty 

of the Moon, but left it unfinifhed M, Clairaut at firft d^e^d^'to Sw 

I. Newton’s law of giavity, that it would not ac^psJnt for tllSTS^n of the - 
apfides of the moon’s 01 bit; he afterwards, howevei7 dtlcovered his error, an<^ 
found that it would account, not only for thaj motion, but for all the lunar 
irregulanties , and he was the fiift peifon whq'gave a complete Thecfry of the 
moon. But Mayer’s Tables, with the /aft corredions by C Mason, 
under the diredion of Di. Maskelyne, are the moll accuratg of any, -and 
are fubjedT to no greater enor than about 30" m longitude. Sii I. Newton 
firft gave a Theory of the moon from the principles of gravity,* and*by very 
ingenious aitifices, he found fome of the piincipal equations, but his indiit^l 
method did not carry him to many of tlie fmalleriequations, fo that his conw 
putations could not be depended upon to give the moon’s, place nearer thjrt - 
f or (>'. Others have attempted the fame by indued methods, ol iVlibin 
Frisi has been the moft fuccelsful. As it would nof be confiftent with the 
plan of this Work to give a complete Theory of the moon, we; llwii. explaiiij 
fuch parts thereof as can piopeily be heie introduced, in which w« fliall pim- 
cipally follow the indired methods of Newton and ; and although the 

conclufions thus deduced are not always fo accurate as thqfe wliich’are derived 
from a diredt folution of the problem, yet they gwtlie tru^ a^gfiments? and * 
their coefficients to a very confiderable degree of accuracy, ^ijis meth'bd'’of ' 
treating the fubjed has this advantage, that it points out moie cleaily * hfi *• 
particular caufes of the leveral equations fo deduced, which arg not obviSus • 


m 
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in the equations derived from-, the general folution. They who wiih to fee 
moreen thisjubjcd, muft confult the Tieatifes above-mentioned. *' 

863. the ^ittraftive force vanes inveifely as the Iquare of the diftance. 

Jet — ^-sr.^rcnrdfeiit the attraflion of the moon M towards the fun S, then 
! SW ^ 

_L- .-will be" tliet^ attraAion of the earth E to 5 . Refolve the foice 
SE’’ ' i ' ~ , ' ' ' ' 

I SE 

. i. into the diredions ME, ES , then, SM : SE . •’ = 

_£ — j. , th6 force with which S adts upon M ina direc- 

SE 

tiorrpaiallel to ES, from which fubtradt the force of £ to S, and vie 

( =Mr) the foice with which S draws M from E in the diredtion 
SE^ ^ ‘ 


have 


* ciMK 

Hepsce, by fimflai triangles, rMi, JV/Tiif, ME KE { = Mr) : 

j.-rhajiarr of the foice Mr which adts perpendicularly to EM; 
ME X SE^^‘ ■ 

dfp, ME MK.. forceMrwhich adts 


EM 


in the direftion EM, but SM: EM. (the force of S upon M) . 

the'addititious force, or the force of_S upon M in the direftion ME, hence, the 
whole difturbing foice of S upon M in the duection ME is ^^^3 “ ]\^j£ x i>E^ 

1 (as ^ ^EM>i STMEc') . fiOSC- 


iM’ 5E’ 
EM . 3EM 


EM 

x”! - i cof zMEC= - -H x cof aMEC very 

SM’ SE’ ‘ ^ ^-SE’ aSE’ 

nearly 

' 864 rT:.et the periodic time of M about E be to that of E about S as u i ; 

then the o'lbits 'being fuppofed to be very nearly circular, we have (858) the 

addititious foice the mean force of M to E^. »* : i. Let the mean 

'fqrc^ of M to.'^, at the m5an diftance unity, be leprefented by unity, and we get 

J nearly, hence, the difturbing force of S upon M in the 

diredtion ME is x EM+l x EM x cof. aMEC. Now in a whole 
" - revolution. 
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revolution, the laft teim is deftroyed by the oppofitioti of it’s figns , and 
' the mean value of EM being uni ty, we get - | for the mean diftui biiig force 
of 5 upon M in the direaion ME, Now in order to obtain the force of / ^ 

gravity of the moon towards the earth, upon the fuppofition 'aheady.made, v/e/ 
mufl confider, that when we affume the periodic time of the moon,ttJ be V' 
thatiis the periodic tune coircfponding to the mem for^ of the ^oon towards ' 
the eaith, which force is equal to the natural gravity of\fse*moon towards the 
earth, dimininicd by the jnean difturbing force of ^ upon M m thq dii-ciSridn ' ‘ 

EM, that is, the mean force of giavity of the moon, tomrds the eaith 
- the mean force of to E , hence, the mean force of grayity** of the 

moon* towaids the c.«:th, at the mean diftance unity, = r + f -confeq^ndy,. ^ . 

that foice at any other difouice EM n *. Hence, the whole'force'^ " ' , 

the moon towards the earth= i «* x EM^\ x EM x cof. 

becomes proportional to -i mx ^ 

£M-f- i ??i x £M X cof ^MEC, In which expreflion, unity i^uefenTs ^ 

force of giavity of the moon towards the eaith at the mean diilahcfi^JndWe 

^thcr quantities icprefent the proper piopoitional^ijldfiHnff(jrc??r^ "" 

865. If the diRinbing foicc be alTum^S^—- SITmIc,* 

then, upon the fame fuppolition, the whole force will be —-y ; + »* x EM— 

Kjyx 

3«; X EMx lin MEC’' Alfo, the quantity = 3 »*MK x KE 

^ ^ ME X SE\ ME ^ ’ 

which lepiefcnicd the force ading m the diredtion Mr, muft Aow Ue rcpie- 

<5. It JT'rir T-jr -m m-rr- wn * 


✓1 » • 


fented by 


I 3 tC-MK X KE _ 3W x MK x SE 


I 4 - 1 « 


ME 


'MF' 


866, If the velocity with which the moon was piojefled* at the mean v 

• / ^ ^ 

tance unity, be k, then at any other diftance it would be noaily, 

in an orbit very nearly a circle, fuppofing that there was no tangential force.’ 

ISlow the force at the mean diftance = i - 1 w, and (8^5) ’a botly muft fall 
down half shat diftance* (|) to acquire the velocity in the Yittie, hence, 
hy the laws of falling bodies, n = \/a x =V« 4 f »?= r r- 1 w * 

• . flea^y.* 

Fuji, atid other "Writers, make this force For this c^rreiliou '^e are indebted • 

to Dr Maskelyss. *’ * , 


>N .• 


• • 


V 
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nearly. Let -y be the velocity' of the moon at M; then as the force 

which ^dls upon the moon at JM in the direflion of the tangent is 

gm X MK X XE ^ ^ ^ 

~r-^ nave, by the principles of motion, vv — 


gm 


. ME 
X" MK 7 < KE 


CAf= (if we putil<fS'=«r, and affume ME= i, wEich 

' v^emayrhfie confider. conftant, without producing any fenfible error) gmxx, 
henp v* = 3 «2«*+ Cor. But (866) at the mean diftance, the velocity «;= i - 

*'• = 5^ 


• -s./, 

” J 


m’iTME' X fin MEC*=: (as fin. MEC^ = i~.i cof zMEC) 


ME 


‘'i|^ XCME'^— |»« X ME* X cof. zMEC. 

- ' 8-67 Thus far we have confidered the velocity of M in refpedt to 5 as 

fixed ^but as S is in motion, let us put : t :: fynodic levolutioti of the 
-.(^oi/n 5 IX s periodic time'5 then_ at any angular diftance CE^/I from (juadra- 
_ _ ^ tilr<^_tile moon has adually defcribed the angle d'x. CEM from the time it 

was 4 n‘ qi 5 ^ 3 ni^s....>-Hence, .we rauft write d x "UM for CM, confequently 
+ 3 '« X ^ M£C*=(if r=fine of MEC) 

'> ■ 4 .t( .n^fil^x f*j and (as the fecond term is veiy Imall- compared with the 
firftj V = \ m X d X ME* x s* very nearly. 


^ - 
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On the Radius VeElor of^tJie Moon's Orht, and the Equation of it's Center. 


^ h^JG^bc a femi-elhpfe, F it’s center, E, X, it’s foci, FG it’s f._ 
ferai-ates minor, and draw XJW, EG, and MAT perpendiculai to Put igT 
FA = i% L.AEM=z, FG=c, FE-==.<w. By the piopeity of the ellipfe, AF* ; 
FG*=.E(?^EF* = AF*--kF* ^ AN x iV^= AF- FN x lF+FN= 
AF^-FN* : TdM** . AF-EN=f:EF' . NM*, to the value of NM* 
found from henc< add EN*, and extrad the fquare roflt, and we get EM- 
A. EF^EN' EF* , 5 ^ 


&F X EM X eof MEA 

FA* - EF* 

FG' 

F)i_ 

FA 

~ FA ’ 

VOL.II. . " 

• 

0 “1 

» 

* (i* -1 

D 


' /f 

1 1 

• s * 

(/ -1 






therefore EM = 
FG* 
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FCr^ 


FA — Fl X coi j^ihA 


w X coi 


(by divifion)^ r® x 


i-} Tu X CO* r -l-w® X coi +• X col x.^ + 8tc. bivt Col ^ +/'I 

c<d 2r, col .^’=4 cof s + ^ cof 3 a, &c .ilfo — i — hence, EM L i 


— I CO® - 1 - li - Zi. * X cof Z+ X cof. 2 i 4 - ? -zj’ X cof 32+&C 'If tlf.C 
ciL'entiiCii)’- b* vcij' fmall, £f\/= i -l-w x cof. 2: ncaiTyv?- and the 
ol L ’/ is ncuil\ in pioppition to cof. JEM f „ r 

869 Pi cw I^h indchnitc'y nc.a to EM, and with radius £«= \/ AF.sl'(r, 
-'L'fcnbe the lucIc ...i, and fjhc the aica zE'do = AhM, and fupp^ofe a bod', 
tp icYolve from J M about E , then the angle JEM is the true a^olnal'i,^ 
and AEw ("Note to A.rt 2-27 ) is the mean anomaly^ hence, the mcan-a’utuiiaij'-'^ 
; the tiue anomaly ; /lvlTLiv £.zEv . fc£tor zEw fedorzE'u aid « 
JEM . aiea. zEv , therefoie the increment of the mean anomaly (Z)"^ ' 

inclement of the tiue anomaly (z) msa EMm areaEvS • EM* . £1;* " 

= Ez® c , hence, Z = — x z = (by fubftituting for EMjsX \3luc 


i-htf'Xcof z-h'zo’xcol 


‘ + ?u’xcol z*+&c. by Article 868.)' c* X 


1 -t-aw X cof z + 3ze;® x col z.'^-FA'^ ^ coi* 


(by-iwb^fctitwi$!te foi 

u’s value i - I to® nearly, and putting^o^i^ 2-\ cof z', &c. their 
i allies as befoie) r + aze; x cof z x 2; -l-lzy®i(xcofr2Z x »+zo* x tof 32 x*ts» 
[-Ac whole /luciir is Z = z -f 2 zn; x fin. z +| x 2g+T^^ ^fip 
&c, the mean anomaly in terms of the riue. • 

870 Given the mean anoinal)', to find the true By the lad Ai title, 

~ z=Z-j.w X s z— I zo® X j 2Z--ITO’ X s. 3Z, omittmg the tprms whiclf come 
.aftei , hence, z=:Z — 2TO x j. z nearly, =Z-2TO x s Z neaily, alfoz=*Z- 
azyx j.z— ^ze® x s.2Z more nearly; fubftitute in the feco&d te!ra of this"^ 
equation, the above value of 2, and in the dluid "term, fubftitute Z fol z, 
and z = Z-2W x fin. [Z-zvs x r Z)-i w' x J. iZ Now in the g,v'ea 
equation, fubftitute in the fccond term ( — 2zy x r z) die lafl value ^ 

and in the third teim (- ^ zei® r 2z) fubftitute Z-z-wx fin. Z foi z, <fllo in 
the laft term ( - 1 zci* x j. 3%) fubftitute Z foi 2,_and"we get z = Z - 2Z& x fin 
{^Z—z'd! X s Z — zisj X s Z - \ X s zZ) — |to®xfia (aZ^^w x s 'Z) 

— ’3 w’ X fin 3Z Now as 4.W x fin. Z is veiy fuiall cofhparecl with 2.Z, v,q. 
have - Iw^Xfin {aZ-4'wXs Z) = zo®X fin,*2Z -4'^fiBr ZxcoL zZ 
= — |zu® Xfin. zZ+^w^xG-n. ZXcof. 2Z = (as^fin E>qc<B a,Za= £fin. 3Z 

— ffin Z)-|w®Xfin zZ + i z«/*Xlin. 3Z— ?ze/^Xlin ZNirn hkc,in.-yiiT.i> 

— azeixfin (Z— zzoxfin. Z)=(by confidenng cof 2zy Xfin\ Z = i)^-«ezyX 
fin Z + 4zo*Xfin. Z Xcof. Z= — 2 wX fin. Z-b 2ze;®xfin 2^ Hence*,*- 2?" 
Xfin (Z — azeixfin. Z— 2wxiia. Z- ^zo®Xfin. aZ}^ -2z©Xfin (Z-2zy 



• ^ TIIE^ THEORY OF THE MOON* 

xfin Z + 5w*xfin-22:)= - awx-fin (Z-- fawxfm.Z- ^,w*x1i m 2 ?!:]) = - 2 ^t^x 
iin Z xxol.(2Ti; X lin. Z - i w* x lin.zZ) - col .Z x lin.(2 w - Iw^Xlm 2/)' 

= ras cof (2Tt;Xfin. Z-Hy*Xfin. zZ) = i fm ncaily, and lin. 

/ (.i;xrinrZ-i^*xrm !tZ) = 2te;Xfin Z- : xfin. ^2 neaily] - 2 «; X 

tin Z+^w’-Xiin. Z*+4«^*XfuT Zxcof Z-l-7e;’Xcof Zxfm aZ - [.^ 

' /m Z»=|Gc Z-^fin. 3Z,lm.Zxcof2 = irin 5 ^^, rnd col. Z xfm. 2/ 

Li fin. 3Z + I fin .Z]-2WXfin. Z+iw*Xfin. 2 -i- 22 e; xlin 2Z X 

fm> 3 Z. ^Thefe quantities being fubRituted mlo the firft equation, ^luid tlie 1 e 
. tefms^being cblledted together, we get 2=Z-22e;Xfin. Z-i::,zv Xfin. 2Z 
- +iw^Xfm.Z 

qZ the true anomaly Thus we may find the tiue anomalf frqiu 
’ the'^nl^, for all the planets; but this rule is not fo well adapted foi calciria- 
‘ tion* as thofe given in the tenth Chapter If the excentucity be very fmall, 

.'^ie'*equation of the center becomes nearly = - 2, wX fin Z_ awxhn 2 

ne'aily, hence, the equation is in piopoition to the fine of the tiue anoinalv 

fiift of th'cfe equations becomes^ maximum at 90“ from the 
;)i^ndc<i3 tlie fecond, at the oaants fiom the apfidcs , and the third, at the 

(Lftahee^'^TLirom the apfides. As the firfl: equation is the pimcipal 

one, the whole' equation muft be a maximum when Z is neaily 90% 01 
9>+., . being veiy fiSairT^ence, fm. Z=i-i^* neaily, fin. 

' i»«lElsL-^nd fin. 3Z = — I very nearly} by fubllitulion therefoie we get the 

equation when a maxiiyum zte +ive^ -i- — ^ very 

_Ds<jly, make^he ftaxion of this = o, and we finde= hence, the gicateft 

equation is - aw - , Foi the moon, w=, 05505 , hence, the greatefl 

“equation is — 6* 18' 30"— i'. 22 = — 6.195^*^ ^ 

'^;^-872.' For w fubftitute 0,05505 the mean excentucity of the moon s orbit, 

• anu' the ti ue anomaly of the moon z = Z - 6°. 1 8'. 30" X fin Z + 1 3 X fin. 2 Z - 

-{-8"xfin. Z 

*q7"Xfi^3Zi=Z-6'’ i8^,22"xrin Z+ 13'X 3 -^- 

Syq By Art* 868. tlie ladius veftor = x — i w® q-zei Xcof JS + |w xcof. 
22 ;-l-&c.'in V. filch, if we fubflitute foi z it’s value Z— 2 wXfin Z ncaily, 

• and neglcii (all, tbofc teims whcie any powers of w gieatcr than the 
- *fcco^ rntc7,;4>nd foi coi.'z-wic put cof. (Z— a wX fin Z) = (as 2 wX fin. Z is 

-very fmall) cjf* Z + 2tJ X filTz' = cof. Z +w - X cof. 2 Z, we get the udius 
* . v^or =*x ¥i p" + “zy X cof. Z-liv^X cof. 2 Z. 
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On thLffea of tncreafmg or dtmmiJJnng by a very finall giuannty, the Face 
or V efonty of a Body moving w an Elltpfe about the Focus. 


• ) 


Fig. 

199. 


•< 


f defcribed by a body P revolvmg about thI^ / 

ocus 6 , PI the other focus, and conceive the foice at P iff be augmctited by! \ 
a veiy finail quantity, in the latio of i i + r, and let it fEIlI contmi/e to vliy 
jnieilely as the fqiiare of the diftance, to find the ne^v dhpfc which it de- . 
Icnhcs, ^id It’s major axis, the excentricity of the ellipfe being funpofed' to be 
v£,ry ImaiJ. Let P£, rPe be the fpaces thiough which a body muft* lall iith the*, 
lorces I + r and i at P, to acqcnra the velocity at P, j.hen PE i Pe . * 

therefore PE . Ee • i : r, and £e = rxPj£. Now let PL, PI be the fpaces ' 
lallen through to acquiie the velocity at P in thefe refpedive cafes, then 
SP^^SExSL^SexSl, hence, SE Se - SI . SL, and5£ • sI, or rXP^ ^ 

SI, or SL nearly, L/= — But (858) 5P= 


• - 


\ 

if 


1 —WXi.Oi Zj 

1-ixcof. z’ therefore PE^S^SeI 


I — W* 


SP-lSP’^, hence, Ll=^—zi 


4 -- 4 TOXco f z 


Xl -zr= (by dividing an 4 


negleaing the powos of «; above the firftj 2r-4rwXcof z the v ariation of . 
the major axis Now in a whole levolution, 4 ? z«;x cof a is deftioyc5 by the 
oppofition of It’s figns, hence, the major axis is diraini/hed by 2 r^ therefore 
the femi-major axi', = i-r, or the femi-major axis is diminiib^ m the ratio 
of I • I - T. If the fame force be fubtraded inftead of addedTthe femi-iifeTltt-' 
axis will be increafed in the ratio of i : i +r. If the ellipfe beComeh cncle. 
It’s radius mud vary m the fame ratio, by the addition or fubtradion of this 
fmall new foice. Now if this new force r be conHant, mftead of vaiying in-** 
■vcilely as the fquaie of the diftance, and be fuppoled to be veiy final], and ^ic 
oibit nearly a ciicle, the whole foice will ftill vary nea>J 3 ^ in the inveife fq*Lro 
of the diftance* and therefoie P will ftill defciibe an flJ/pfe veiy nearly, -the 
variation of whofc majoi axis will be veiy ntaily the Tame. , Ux. * 

• * 874 . As 

♦ Tlbat this is true, appears from hence. Let a and r 
wnity; then , z:i — 2 x veiy neatly, add r to each; 


• 'f I 


.'v . 


% 

> * 


I +* 

=; very neaily 


be very fh»n wh«|i compared with • 


a- 4 r 4 a 

a body will defcxibe an ellipfe vei j neaily* 


The fame is true, if i be fubtradled. 


Hence, with the 


•ce ^ 




TV 


• • 


V • » • 
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875 As r IS veiy fmall, the periodic time will (818) vaiy as i ; 


= 1 q= 2 r vety nearly. But the mean motion is mverfely as the periodic time ; 
* hci^QSj ^hwi the fprce varies in the ratio of i . the mean motion varies 

as I • *01 as I : jirfcar, and the firfl mean motion the duTerencciof 

; ' . ^ / “ 

' the me^ motions : .1 : ±21. 

876, If by the continual addition of fbme fmall new fbice which vanes 
inveifely as J:he fquare of tlie diftance, the ellipfe continually changes it^ figuie 
into k.nm elhpfe, but that, upon account ot the fmall valuation of the elhpfei 
■the ftosiptitation of the variation of the tianlvciie axis may be conlldered aa 
' made foi the fa-ne elhpfe, then, if r repiefent the fum of all the forces added 
hnra -whole resolution, aftei a whole levolution Ll = zr, in an orbit nearly 
ciicolai , hcncc,'*tbe femi-axis major = 1 — r very nearly. If the foices be fub- 
tradted, the major axis=i+K If the orbit be a circle, the ladius of the 
€j[rcI?^iJl be incieafcd or diminilhed in the ratio of x i 

,87.7 \'If bj^'the addition or fubtradlion of this new foice, the axis major be 
diminilhcd onncieafed by LI, and we ta]tePii=P/, 'll will be the focus of 
Ihti^w elhpfe j if th® foice b'e increafed, then Pv is kfs than PH, and the 
qp<ides arc piogreflive in the defeent of the body from the higher to the lower 
apfide, but from the lower to the higher apfide, they will be as much n^reffive. 
If thelorcSije dimtnrfhcd, the Contrary la^es place. Hence, in a whole revo- 
lution, the addition or fubtraftion of any new foice which varies mverfely as 
caufb no motion of the apfides. Xhe progiels 01 legrels of the 
lherefore''oepCfid upon the inciement or decrement of the toise being 
in a greater or kfs ratio thaji the mverfe fquare of the diftance 

878. With the centei S'defcabe the circular aic -or, and \ tH will be the 
variation of the excentncity. ^^ow iiH=ivH>iCoL z neaily^(874) ? xcof 2 
-'£r^X(,oi' 2® = rXcor. z+rwXcof ‘iz—fzv, and of thefe tluee quaniities, 
the two firffc will be deftroyed in a whole levolution by the oppofition of their 
figiis, nnd the third is tonflant.' ' If therefoie r denote the fvnn of all the 
foi'ces'acWjCcH the variation*of excentncity in a whole lev'olufion = -1 hk 
And if r and fu be very fmah, the variation of excentncity becomes extiemely 
fmall, hence, thivvaiunoij of the excentncity principally depends upon the 
uicreftient, or’dcc reraept of the force being m a greater 01 left latio than the 
^ mverfe Tquaic of'tjib di dance. ^ 

^ <" 87^9. If the gravity rrrtiam the fame, and the \elacity be incieakd in the 
*Tatio';&f ^ V being very fmall, then PE Pe . i 1 +v" 1 • t + 2V, 

therefore PE .ikn .. et* . zv, hence, LI=^AV- r-^wXcof. z. The maioi axis 


V 
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^ is ibeicfoie mcteafed m the latio i : i^zv, hence, the peiiodic um; is 
increafed m the latio of i . i +3^^ Jf the velocity be dimimgied in ^ht 1, tio 

of I i-c’, then the major axis will be dinimifhcd in the ratio of i i - , 

and the pei iodic time m the latio of i i ~ 3 z; And m 1 eVpcft tonhe motion 
F iG of the apfides, whilft P moves fiom the highei to the lowei ‘apfi^e, ^I'^hroifioh * 

200. MCJ , it the velocity Joe mcrealcd or diininilhed, the diftanco^Pw, Px Ironi 
the othei focus will be incWcd 01 diminiihcd, and aiifides w^Jl niovc\ 
backwaids 01 forwaids te m or n, but in the afcentfiom the loi\(li 
to the highei AJ, if the \elocity bo inoreafcd 01 diniinifhedj riicn the diftfiiicti 
fy horn die othci focus will lx nicuMfcd 01 dmiinitlicd, aiKt the aplidcs 
^ill move fomaidstir backwaids, • v ‘ 


V 








Oa the Alteration of the Pigme of the Moon's Orbit, fuppojed to havs no' 
Exmtualy , and tie Variation of the Moon. 


* 


“ < 
\ 


V ' • • ' 

Fig. 880 The velocity in quadialures • velocity in fvzvsies ^4. • • 

196. , 

I « X i X (867) : 1 : I + 1 X ^ K J neatly • (as m = o,oossiml ' ^ 


»_o, 9906095, r/.= 1,0808153) If ‘ I + r~~» hence, if we affua^'diirmeah 

1 10^9 

velocily= 11039, velocity in quadratures = 109^9, and in fyzygies= 1 1 089. 

Alfo, from quadratuics to fyzj'gies, the increment of ^e vi^city, ancl*/' 7 hA- 
qnently of the aica, in a ciicular oibit, vanes as a*. ' ‘ 

Fig. 881. Let ABDC be an ellipfe, whofe major axA CB is veiy'ncaily ??jual to 
201. It’s minor axis AD, E it’s center, draw any*diani»tcr MET, and ^EK n’s 
conjugate diametci, on which let fall a peipenciiculai MO, anti du^w v •!'/ 

peipcndiculai to CB. Now by thc.piopcity of the elfiplc, HE^— j 
EA^-~MIT\ hence Jl/£* {=HE^+MJr’)=MC-- EC~-EjtLz^ - 

—————— * hjCi’’ 

(as the ellipfe is \eiy, nearly aciiclc) EC^-EC^-EA" nearly, a,. I 

by taking the fquarc root, ME =EC-~£C-Bk x ia:aily,i £r,. ‘ ^ 

EC—EA X fin. OEM* ncaily; hence, in going fiora C to 'A, ,the dimiifi. 1 ^ . 

of EM is in proportion to the fquare of the fine of the angle C^M* — ^ . 

»■ '■*' 

• . * • \ 
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\ 

082. Tf the mean diftancc bo repiefentcd by unity, and ^ be flic difTercui-e 
betwcea the mean and the gieateft or Icaft diftanccs, tlicn EC=E/t\-'> and 

. "FM : E'l -{-dc—zey. fill CEM^— (as EA -f-f - i. and iiu." — \ 

• cof, 1 OEM) I -{-sjy cof. iCEM = i — cX cof. zJiEM ( 

^0^5^ If w'« fuppofe the moon’s oibil at firfl to ha\e been a cnrcle, flie dif- 
, turbing foreje will make the oibit rn oval (8<;e,),^'hple majoi jaxis CB Iia in 
* f qua,diajfUi,es, and tbre(nimoi axis AD in ^yzy2,*^.sL' and as the minor axis DE^f 
• !<■ alwt^'s dll tided to the fun, whiHl the eaith E lotolvts about the fun, we muft 
•concciue this oval figure to levolve m a nio\cabIe plane about E, fo as to teep 
DEA alwsysldiredcd to the fun. f Tlys oval is very neaily an dlipie. For 
• 'tp.ke "a very jbiall arc diaw’ the oidinate ffif, and~m/ peipendicular l>5 

' JAE. Nbw if V be the abfolutc velocity of M, then (867) *u*= -{- 

^ \ ^ bxit the abfolatc velocity of M it’s velocity in lefpeiSl 

to the icvoL'in^ plane J 1; therefore in relpcd to the revolving plane, we 

"-.Ihue tliejlquaic tfic 'Pdocity = 7^ x + 3 w x x ME' x ^" = M,^. 

•V ‘ * ^ \ T 

^ *. Al|ju«ie foite j[ 86_5) at M= + m x ME- 3;;; x ME x i®= zMr, the 


V 

■v” 




fpice being icprefented by Jhe fpace through which the body is drawn by that 
.’,ioice,-or by twice the figitta {808). But by fimilar triangles, iwr® . w/* . 


A/i.” M0% .hence. 


X MO^ 


i 


ME* 


=s very nearly, as the orbit is 

ECxCA 


* 

/ 


a cirfclQj^alfb^^ the property of the ellipfe, 71/0= — , and 
rni \ - Mr lEM^ 

,^r=A’, EC— i+c, EA=i I — fj'and ncglcdmg thofc terms wheic all the poweis 
_ t/ e above the fiifb cntei, and fubflituting fgp<^r and Alof thou bcloic-men- 

tioned'valucs, vve get fipm the laft eaciation, = x . ‘1 — I aHELI 

' , — 1 - ]/« l- 3 ?«i/a‘’i* 

* /tT’ ^ 1 * , , f Ax j j.i 

— r- ‘X 1 +Ma - 3 /».v’r X i - — , and putting — r=/’ we get 

i - )fd * , 1 — i ^ 1 - ] /« ° 


J.- 







I 


J 






^ on THE THEOEY OF THE MOOH. 

^ and vdocitx-^ is very nearly m propoition to the fquaie of the fine of C£M 
confequendy (88i) the point M defcribes very neaily an elhpfe upon the move- 


ft 

7, 




able plane, >^the m ajor axis of which . the difference of the p.xes 
mtx I +^4^, •• (as »i= 0,0055796, J=i, 080853) 7^'^ We,’ihc 

ratio of the diimeters is as 71,6 . 70,6, but as we hasn^J^.ere neglefled hnall 
quantities, this ratio is not fc] coned as that which we lhall ^lowp^aecd to 
deteimine. ^ 

88^. ''By Alt 865. the foice at ^ th^ fores at C ~ 


■zmx IE 




I ■ - zr 

7^ X C£, alfo, (880) from the acceleration of velocity by tke ablatiiiouc 

.W ^ ^’°°90588 (i;) : I , but mcre,r=n- ' 

dent of tins acceleration, the velocity at ^ . the velocity attl •: CE -JE * 

_(So6) ; hence, the velocity at ^ : velocity at £ v x CE : JE Now t!ie 
^r^ment of the arc defcribed m a given time is -itT the' 'itslocity,*OTtlrfe ' 
fagitta IS as the force; alfo the curvatuie is as the fagitta diie^djr'auil the* ' 
Iquaie of the arc invcrfely , hence, the curvatuie at J : curvature 


# 




I 

J£ 


■ zm X JE 


CE'- 


■ + m X CE 




Fig. 

202. 


: t-zmx JE^ : v’»? x CEK 


Fig. 

.',03 


v X CE"- ‘ 

885. When the moon is la quadiarures at C with the fun 8, it will ddtiibe 
above 90- before it comes mio coniundion, owing (0 the motion SB' of the. 
iun inthe lame tune. Now for the mean motions, the anole CEA : CBS •• 
z'jijh 43' - 29^. xzh 44', or as the periodic : the IJWtlidrevolutmJi* of ^ 
^-..e moon, which pul as i : and take « « th».pltto*bf ^the 

moon at the next conjnndton, and the cuive defuibbiJ by the moon will be 
found, by taking atu^he angle ££»; * CEM d i. To find’ 

the curvature of the orbit Ca at 6 aqd a, with the center £.,clefcribe the ctccK; ^ 
C«, draw the tangent a, anditiw/, amt the angle' C£r • 

CEr . i : I, and produce Es to 7, and conlrcTefTEie'rnfl^ CE\\ CEt ui .die.i 
evanefeent flate; now as Et ■=zEs, and Ev — Ez, threretore 1 21=42! ;!^aJ as thd 
agitta reprefents the curvatuie when the tangent is the fame, we*have at the 

point , curv. of Cr . curv. of Cv :: tr : tv, and cu^v. of Cai curv. of C-i; •• 
yjsyz; hence, ' 

* 4 - • 

Curv. of Cr- curv. of Cv : curv. of Cv •• rv or*zr :vf • 

Curv. of Cv • curv. of Cr-curv. of C-v * zjv 2:f * ' • - .!► 


9 

V 


.;:v 


V 


. curv, of Cr — curv. of Cv ; cuiv, of Cr — curv, of Cv 


ay vji/:: 





N 
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I 

ON THE •THEORY OF THE MOON. 


\ \ 

nW the curvature being iijveifely as the ladius of curvature, ^jie curvature 

ofC« Hiay berfcpiefented by and then (by the propeity of tbj ellipfe) the’ 


curvature of Cr 5 ^ 

• • • I \ 

coftfeqhently -the /curvature of Ca at C 


curv. of Ca — 


^~7c:e 


j/,£ 




ms 

•J y V ■> „ i JE*+rCE* 

For f|le'fattfe ^afon, the curvature of Ca ata= ^AE ‘ 

• * - • . . 


, putting r — d*"*~ I. 




-> ctnvature in 





conjunaion : the curvature in quadratures 

rAE 

.l^fE^xCE 

Stb«.i£iean diftance is unity, and the orbit is veiy neaily a circle 


Hence, the 

A E*-{-rCE* 
CE' x.'A.Sj 


AE^’^'tCE : CE^+iJEt aCfummg AE x ( 7 E=i, bccaufe 


Hence, from 


'4 


on ac 

s ^ 

fliall 


atJmbers. 




tliK and the laft Article, we have, i~ ztttx AE -.v-WmxCE -AE + 
rxCE . C£* + r x AE. Put i+!<=:CE and i- x-AE, and fubftituting 
f 5 i: CE JtTd tJrtl&Ttrkies, and negleding all the povrers of above tlie^ftjlfj 

a ^^Tj>.orthe fmallnefs o^ a;, and multiplying extremes and means, we '- 

2fara finiple equation, fiom which (»=, 00716 j hence C.S — 1,0071 an 
=,00284, confequei^ GE : ^*5.^1-0400716 : ,99^84 70 • 69 m whole 

This therefoT^the variation 

■ the fun, fuppofing that the orbit i 5 (ould have been a circle without 
thft difturbing force. A^d as the orbit of theVoon w ellipfe having the 
NThe earth in it’s focus, ai& this ellipfe is nearly a circle, the fa w caufe rnuft 
pfBtJnSe^^etyjiearly fame effedt in the moon’s orbit. Dr. Hal eey, fit ft 
,.toQ^norice or?ft»l«^traaion of the lunai orbit m fyzygies, fiom jhe^- 
noraena £»f the moon’s m|tion, and made the ratio of the diameters as 4?;^ 
4^,5, from obfervation.^/ Sec, Ills remarks upon the lunar Theory, at the 

*8n(^f Jhis catalogue of the fouthern ftar^^^^^ence (88z), EM = ^ ~ 

cof % 'AEM, ^ 

1886 . From the alteraflCn oT'theform of the orbit, as explained in the laft 
[na<Ile,^A«5d fiom the acceleration of the aieas (880), there will arife two 
brreftion? t» be applied to the mean motion of the moon, in order to give the 
motion; the jOmt effea of thefe two, conftitute^ an equation called the 
Variation. ^We fhi^ coniider each feparately, beginning with that an ling from 
’the figure of'.thejbrbit. l^t CA be the quadrant of a circle which the moon 
wofild* have defcribed-^om *quadratures to fyzygies without any difturbing 
'' take Ea\.'EA :: 69 : 70, and defenbe the ellipfe 4C1 draw MmK 




E 



peipen- 


Fig. 

204. 
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f THIORY OF iriE MOON. * < 

perpendicula/ tt> EC, and loin EM . / 

• revolving unifmnilj-, the an-de CEM q^iadi^nt 

■t’s true p*.i „.ll b^„ JdJ,. 

dcteJeiation'^of the .irccis the fm i th e 

W p.,i«iS.caU. to ic, fe, the 'll 


W po,,«iLcaU. to „, .rclaS'’ 

i\rtdCEm, ana as L'F ^ PR. . t areJ^^l>r • area €£if . 

and the areas le delg^J m t*he latniT :inie, 

defcnbed m the (L t,l U '« H, ?’?; f.4'"'“"- V 

the two angles deft.jl^d bp j, ''’pS fc ■'i‘(t4’>'^ A’ / 

■> rite ccorcchon-fiont ./„, “f-"'' V*’ • 

pV.L% AXrSo“&t/f«Vor °f “>] “‘cas, irai;v' .’ 

be 1103,. the areas a, » and C will bA°oSrmd* ^0“'’“’ ^ 

Take thcrefo.e Ea . Eoc. : /r . ' o ^ m the fame time. ' r- 

as 69 : 68,6875, -ind defcribe the eJhplh « /C ^!nd T ' ^°9S^rt)r^ 

the troe place of the tnoon coneipoX. toll; 

- CEn ,„ the conaa„r«:Af°:‘’r'S^"" >- 

8ivea^ttio,-bmG£,„ is condant theiefnra^ rtf C\n in"i 

CE„ ,:£e. thcteJe c’is?-^:“cyr°t-- •• 

q,Eh X fiT : Eh'* V’cry nearlv n ^ ^ ^ * 

oti account of it's very fn,41 \iCtioCth ^'' “ eou(WJl\.^' ' 

conibnt, CEr-C£„ wanes aVa„‘r, or’a, 


conibnt, CS.-C-*; ™;?;,-:™;™; ““ fc-<h W ton,, 

therefoie the iluxion oC CEhi = v mid utatiC, C £ n = dzi T , .^ut*^-"' 

-»» »^: : a^, 01 .£ nearly, ’an'd ,,, r"" T]!' “ Now a? . 

u. .. nR', aE‘, confequentl/ar- wanes as a, or !Sff “'®’ 

■ncrajjspi of the area CEr at r abowo the .nceLnt'a^^fiiPr*^^ ^ 
-Of^ neatly as the fquare of the fine of the an^ek-VA^/ a e ” ^ 

It mcreafcs as the aieas defcribed hv i-ia r ’therefore' (»8o) 

sncteafe. Now btiugrng „l^n 'etn a”„d ^ ''>'^>8 - 
the aiea CEs CEi me ’r, ^ndefinitely ncu to C,- 

■ 11039 •: (880) the aiea defcnbSstv rl,. yuosjw, 

^fcrtbed by the moon. As therefe.e '^*° '‘’f "' 

C has It s proper ratio to the mean z.iea. rwj. hy the xno»n fit 

.0 the fame t.me, and ,. tncteafes .a U Zer rlT a 
has It’s true pofxtion m lefpeA to the nhr? u ’ 

there had beei no accelnauon of a«s ^ -b^ve been .1 ^ 

no acceleration of areas, correfpondine to the '.bere had beea ^ • 

angle is the whole equation, oi the Faua/ic^’^, 1 .^ flierefofe thjf , 


mT TF 


t 
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^ ' ON THEnUEORY OF THE AIOON. 

^88. If wc confidei EK as radius, Ka, KM will be tlie tangents of the 
and mean motions, and the diffcience of the two angles will be gicatcfl: lu 
_ the oflants •* ,*therefor^ if the angle A/C£ = 45% MK :^Kn (■: 70 • 68,68 
’tan tan, 27'. 28", confequently the gieatefl variation is 32. 32 . 

Tl, Vwetild be the moon defciibed 90“ fioni quadratuies to fyzygies ; 

bill ^itAfenbes/J^W angle m the propoitionol ap..ioOu to a fynodir 

revt^uti^ 5 r* la lie fioportion of zjd 7//. 43' to 29V. 12// 44., tliciefoie 1 
• , 6 V If o.rA.1 ot'. to" foi the eicateit van- 


iPma.drnTl,.s propornoa. .o'fc :h= 

•ation.'-Buf^E : EK :• nm . mt (nearly) = which (becaufe tfw 

'iJITiHs as »h varies as EK x nK very nearly, or nearly as die line of if EC, 0^ 
**^z^EA.mct the (Jiftance of the moon fiom the fun; hence, the vanM = 
Ihc' 10" xAne of twice tlie difbance (2X) of the fun fiom the moon In the 
of & moon from quadratures to fyzygics, the mean place M is kfo^s 
^ '■hff tivc''TJW«>t'j and from fyzygies to quadiatures, the mean place is behind 

V — , “VSimtion at the mean diflance of the fun. from the ’ 

■ ts It (857) vanes as the fquaie of 

le cube of the diftance of the earlli fiom the fun inverfely; 

, the fra ^|C : the time of the periodic levo- 

it the^aii diftance of the fun fiom the eardi, 

angle delciibed by the fun^^Tthe time d~x, 01 by which 
the periodic revolution; ^d let TCf be the angle de- 
the 4 fference of thofe times, at any othei diftance CT of 
! pA. Now if r = the excentncity of the earth's orbit, 
n^aly, (868) the diftance of the fun from ^the^rth 
=^i4-f X cof,.r, and th/angular motion of the fun in the fame timeVarks^ 
(820) inverfely as the fq^y/re o^ the diftance, and the angles SCs, TCt defenbed 
•by the fun may be confide^d as defenbed m^tlie fame time, the diffeiencc 
. the angle defenbed by the fun n^-fne difference of the times of de- 

^^S^IWllll||| |l, || 


I -bf X col. r 


I 'Ills is nojL3£cvi'/tely true, but fn^Hcientl)' pearly fo for the purpofe for which we here 

I * JSe. ^ * • 

L \e period of Ji/e vanatioft hieing a fymdtc it. volution, it appeals, by alike reafomng as in 
■ * 7 , that the^iror in^iopcrt on to the fc^tiate of the J^nodtc time of a levoUitiou 

and the"tni*&g^s5the diftance of tbr ivn ^nveifely 


# • 
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ON THE THEORY OF tHE 


MQON. 


1 ./ 


Fig. 

204. 


d~i : the time of defciibmg ’TCt=id — 4. xi — ^cxcQi.T, therefore 
‘ difference of the times of defcribing 5 Cs, T C(, is— 1 x 2 r x ^pof T ^ cohfe. 
quently the time of a fjnodic revolution of the moon at^u’s mean dift^ 

time at any other diftance : : 


/ 


I --2f 


cof'r. 


Hence, the vailation becomes 35' 


' 10" X J„. , 




2 '^= 35 '- 10" I cof. X fin 2X, and if we ^k\^tl^/|cxccn- 

tricity of the eath’s'^rbit to be ,01681, when the fun is m i^’s apogee *ihe* 
■wiiayon’wiJl be 33'. 13", and in it’speiigee, it becomes 37' 7'' * All tin 
i^ion flippofition thaf the moon’s orbit has no excentricity, and that thch^ 
of CE . aE continues conftant, -whereas that rauw tlSpends (8d5^upon tliei 
time of a fynodic revolution j the orbit alfo has an excentricity , tjne varwtuni 
therefore will differ a little fiom what is here determined. T y c ^^^bferycd ^ ^ 

this irregularity of the moon I 

890. The annual equation of the fynodic revolutio]i,,ji-tl^^ifrerence of t« _ 
tirnSS'ot^efcpJamgSCj, ^Ct, or — 0,1496 x c’x cof T, the mfiaiFlynOdiMiW 
being unity. "Wh^cof T=i, this equation becomes — 46’ it’s 





Hence, the equation at 



^ime will be,- 



being unity, 
maximum, 
cof. Ji 


To find the Equation of the mean Motion of the Mo^.^ artjing from 
Dtfiances of the Earth from the Sun. ^ 

891. As the earth approaches the fun, the^mo^s orbit is (854") dilated, 
and as the earth recedes frotiv^e fun, the orbitls contrafted, and this arifej 
from the diminution and augmerftaqon of the diflurbing force 
the moon in the direftiouMFIj bmM^ equal defcrjption 
times will not (805) be affeded by this 

tion and retardation of velocity from the ablatitious force, the acc^ler? 
one quadrant veiy nearly deftioys the reraidation in the next,^ we ijiai^*'' 
confider the mean area defcnbed to be always m proportioayto Ae tin * 
at the mean diftance urfity of the moon from the earth, tb^^aturaT an; 
the moon to the earth being unity, the mean force pf tlfe nooi>i ^ ^ 
at that diftance of the moon=i — fw, but if fT =^Jjfi4rue\ancVs^'*^ 
fun, and the difturbing force of the fun at the mean diftaccejimj^l//.^^^' 

' the 




\ 


•/ 

i 




/ 


thA difl 

* I 


I ' moon t^uie cart 
m\ 

|nioo>’s 




ON THE THEORY OF THF- MOON 

the^diflurbing foice at any other diftance x + r x cof. T will (856) be 
* = I -^rxcof Tveiy nearly, theiefore the mean foice of the 

:hat diftance of the fun = i - i X 1 - 3 ^ X col 1 
rtjjred in the lalio of x — \m i — | w + 2 ffirxcof 2, 
X^CT- veiy nearly, therefoie (§74) the radius of <he 
.ig?d in the ratio of i • i- wrX cof 7 , and (875) the 
lotionbt/he moon at the mean diftance of>U4^arth from the fun : the 
matioiiWt the diftance i + r X cof. T * ^mc Y. cof. T, 

>rh in tpe time in which the fun has defenbed the arc T, tlie mean 
of the moon : the equation of the mean motion fluent of r / 
..-bf^^Xcof. r . 2^ but in^the Ume m which 

ftm de^ibes the mean motion of the moon is x T, hence, 

nation of the mean motion 2^ 2^, theiefore 

2139 


of the mean motion is x 3^^ ^ 

^ ~ perihelion, and negative from 

P 3Aaphelion, tl^annual equation isScJbe added to the mean motion 
^nier cafe, and Yubtraaied m the latteX When the earth is m the 
bn, the oibit of tie moon is dilated, anil the moon moves flower; 
^ n™— il^th is in the ^helion, the orbit of the moon is contrafted, and 
‘I^^mSTm^s fafterr^ the annual equation, by which this inequality is 
,.^St)en!5^, is nothing in aphelion and perihelion, and at the mcan^W^nre 
ofXhe ttfn It *13 12' 55" According to our determination. Sir I. Newton 
makes it ii'. 50", accoaflin^ to Mayer it is 11' 16", M d’Alembert 
makes it iz'. 57"; and Halley makes it abjurf 13'; according to M. de la 

^istfion being in pioportion to fin 2^, 
fun’s center, that equation being in 
the excentricity of the earth’s oibit 




pnbportion to the 
bij^ vgrj( Snail 



* £ ecaufe 
sarly. , • 



meat: 


toon df the fun u to the mean motton of lihe -moon as 160 2139 very 




3^ 


ON THE niEORY OJf HIE MOON, 


/ 

To find the Efiaiion aifin^ fiom the Inclviatmi of thjoih’t to /'V /f /'•//>. 


Fig. 

^ 07 . 


893 . Let CABD be the plane of the eclipt 
ni(^on's orbit, Nn the Jine of the nodes, iVT 
Itin, 6rB.\v Ssy Jv, perpendicular to the nl 

I . 1LT I 


tl,j; pkn?^|t!' 

r the Vi’ tijc- ;|(rih. ,y|ii. * 

Lvnc JVyifw, 4lifi ^ ’ii* <^1 p**i; s-1 
nn . t 11 I » rr. I C *4 T> .. .A 




' *'1 r — f WlirlrLJU J.\ i i 

Tv ^’’^S^'-Pendicukr to CiJs join /J.XAyA/^ .rvi 

/iJ/, and produced Jet fall the pciperKl!^ft.u 


T . ^ produced Jet fall the pcperulSVYi^^/, 

the jnci/nation of ilie oi h\r, .an/ 
WdathemeanY.iueofM^=,, the fiue of-S/v’ y, j 

vA-vs, and Si = «i;r, hence, = 

alfo. rM*=r£* + £ikf*-.25£xildS:=«‘-.a»v*x’ + i’ J,. 'v* - 

H,nce. 

I _ «1 

">< j® neailv. "NTr^nr If . 

iii*’ ‘ '^"v:s 

Hit' 


^<;S^qucntly 


01 2 and M to S, then ; 
c-'-ec:ion £s, and 53 / s. 


f 


J 


the aLhion of Mnf . 

/'’•f • 



£5* 

5^"* ^ aj[: 

redm A/r , hence, ES : £T £M(=i) • M£ • 

of £ m the dlreftion EM, and rAf : M/ - Cti 

fence, the Afturbing force !n the ' 

MIXE, - ■ ., 

'4:i =•_ 4. . 3V 
o’ . • a’ ^ -ji 
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ON THE THEORY OF THE MOON. 


A 


*x cof Hence, the mean force : the mean foice m difFeient fitua- 

tion^of t^ie fun yi refp^ft f o the node + s — \ h s x col. zSE(t^ 

3 ^ 1 -^ — X ceil z5£iV=i-|?/Vx cof. zSEN nearly, therefore 




(SyjfVtif^ieay rad?^j[the orbit will be mcreafed m the ratio of i i + | «* 
f*xfcof, ai?d ^8^5) the mean motion k dimmifhed in the iatio«of 

[, t- confequently the mean motion of the moon m 
he fi^yfl^^ed from the node through ^gle SEN . the equation 

£h lotion* in the fame time the fluent of .S;^,<3r 5 £A^, the 

r’®^of-l« Vxcof or -|?2*/xfin z^EN. Now whenf 

^i^Me 'flia leaves the no d£».jT comes to the node again after it has defenbed an 
of %bout 341,3% therefore in the time in which the fun has depaited 



'' Q 4.1 *2 

node through angle SEN, it’s motion has been ■ ■ X SEN. 


! ^nn- 


f the moon in that time has been 


. X MM X S£W 

360 


360 
ai39 ^ 34i»3 
160 360 

?^meat?Tnotion 


X 


the equation of 

^ ^ equation of the mean motion 

34 J ^3 X _ 1 X fin. 2 SEN=^\^"X fin. zSEN. But if 5 

iifhance of the rrfoon from the node, and X the mean diftance of 
^^^k^frora the fun, then zSEN=2S—zX very nearly, hence, the 
?^auatiffflks — SL, 28"x1«<^S- zX, this equation is theicfoie to be fubtradted 
th^em motion of the moon, in the tranfit of the fun fiom the*Jsa^ 
/ to /padiaturls'from thencA and added, in the tianfit from quadratures to 
^ themodes. / ^ • 


• jT 

^Jind th e Eenodic ^jg Fof the Moon, by the dijinrhng Fotces. 

^ 4 - .M‘ the mean diftfece of the moon fiom the earth be unity, w= 
velocitj^rf projidlion at that point, and i : f the ratio of radius to the 

^umfeience of a 4 ^ 1 e, then - =the periodic time of a body revolving in a 


;le gpt that^ii^ce . and (8^9)-^ = the fyuodic revolution. Now (867) 


me 



i*X fin. MEQ^ and the orbit being widiout excentricity, 


r 





AO 


I 


/ 


1^' ON THE THEORY OF ^HE MOOK. f 

It becomes (883) elliptical, whofe minor axis lies m fyzygies. ijt z 
reprefent the fluxion of the aic of the angle MECko radius unay/then 

is the fluxion to ladius ME, and the correjonding fynod ^ fluxiot j ^ 
IS X ME X JS. Hence, if t reprefent the corresponding fla»*^"oi the / 


time, we have t 


- + I d X m X ME" X ml. M^C * I S/ 

. ^ y . C V A 

dxME'xz, ^ 

u+idxmx ME* X idi. ME u 


I'erefl'iv' 


.X V 

En'MECf'X^’ <?=the difleience between the mean difl^nce 
^‘greateft; or leaft dtftance, then (882) A/£=i4^Xcor. iMEC, th' 

Jkf£* = i + afXcof, zMJSC, and ME* = y-A-$eX^ zMEC, vcry'nt^u'^^ 

by fubftitution therefore we get / = ^ X 2 + z e x <-oh zME^^z^ ^ ^ 
a >» X tm. X Z + em X iui MEG" X ^cof. X 

j - d* ' ^ ^ fj** 

^ + \X\mx\-h cui. zil^iiC’Xi^- ’ 

u U 



L(?X col 
( 


>iemx cof. zMECx §— 

X 2 - T X I X 2+ X i ^ X cof. zMEC X ^ negleding the 

» » ^ 's- , d * 

terms on account of their fmallnefs , hence, /=iXz---;X|j 

*«-w « Jr 


■^X I w X fin. iMECi therefore the time^ a fynodtc re 


Ja 

p—-iX \mp\ and the equ^ion of the mean 
zMEO Hence, the time ofT^S«p^/r levolution 


me^ a fynodtc re’l|<Slu^on=y>C^|J? 
L*tT*i^s “X^ + - X|wX fin. 


IS 






If the moon defcribe a circle with the tuMn radius M-c. = r , the penodw 
IS the fame, with the fame diffcurbing force, appears by making' 

Now (818) the periodic time in this ciicle (there being^no difturmng 
= the periodic in the ellipfe which the moon would dqfcribe^if it wei 
difturbed, the ladius of the circle being the mean dift^iwe, ar(d this 
being nearly a circle, the fame difturbing forces muft proctoce ^eiy nc 3 
feme efFedt in each cafe ; we may therefore confide|»4b£ pAiodic time 
moon to be the fame as that which we have here determinUii ^ v 
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895. If theie had been no diliurbin^ forccj the time of a fynodic revolution 
v\ ould duve been - x ^ i confequently the time of a fymdu revolution is di- 

minilhcd by the qmntity in confequencc of the diftuibing forces. 

f , I r 

Tbe time of-^a periodic revolution is diminiflicd by the 'quantity I x 

c 

'-Op the Motion of the Moolis Apogee y and the Vmattonof the Excetttimty tf 
- it's Orhit. — 


4t 


806 The principle upon which we here propofe to find the motion of the 
apogee, is, to find in what time the whole foice by which the moon is urged 
towards the earth -■'"ib diaw it thiough a fpacc in the direftion of the 
V- mdiu*^ -"cdoi,' equal to the difference between the greateft and le^ diftances, 
the'npwi fctting off from the apogee ; and comparing twice that time with the 

time' of a revoluuon. 

-- 8q7. To find the whole force with which tbe moon is urged towards E. Fro. 

"^die force of M to £ {864) = i ^ ^ EM+^m x iSMx cof, zMEC, 

and if iV be the higher apfide, and lie in quadratures, the force in that point 

„ ^ _ X ^ X ENy the cof zMEC being then=o, and if this force at N 

— - 1 

; Hie centrifugal force : i, then the centrifugal force atJV=- 

£ but * the centrifugal force vanes as the fquare of the velocity per- 

pendicuUi KTthe radius direfliv. and 'tie radius iurerfely j and the {quare of 
te rdoc.tr at Ar= i « x i » x £flf‘ x cof. %MEC (866) i 

alfo the fquare of the velocity at N in the odtrUits m x hence, 

- ' . 1 the 


.• Tor in Art. fay. t‘.e ceatrlfiigal force w* varies as > and as *hc dme is given, a. Q 
'laries as tne i. 'If^city m a direftioa peipendicular to the tadias. 

'’Vun. n. F 
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EN 

^tlie centilfugal force | w x -y- at iV in the oftants i the ccntiifugal 


force at M 


m 


xEN 


+ I m X EM ~ I m X EM x cof. 


> » ■ 

zMEC :: i : — x cof, zMEC nearly, theiefofe tfie Cchtii- 




a» 


fugal force at M= i-im x EN^— ^ ^ cof. zMJ^C’, 

1 • ^ • • 

hence, the whole force of the moon towards E = — f w x EM m x 


■ ' • EN 

EMx cof, zMEC X 1 - i ?» X 

C X iLJyL 


TN^-V X cof. zl^C. > 

U • * 


898 Now in eftimating the mean motion of the apfides, all the teims where 
cof. zMEC enters, may be neglefted, for the following reafons. The cof. • 
2,M£C = cof. zCEN X cof. zMEN-fm. zCEN x lin. zMEN, hcnce,‘ 

the foice 3 ”^ ^ x cof. zMEC is compofed.of two'parts,‘the firfl; of which, ' 

ZC X }t . ^ 

having given the angle CEN the diftance of the apogee from quaihaiiHes, 
vaues as the cof zMEN, which, in the tranfit of the moon fiom the highes^ 
apfide to It’s odants decieafes, and therefore makes the moon recede fuither^ 
from the focus , and thence to it’s quadratures it mcrcafcs and makes the 
moon approach as much to the focus, and foui tunes in every revoluticm 
this accefs and leccfr will dcllioy each other The other part, which is as 
fin. zMEN, incieaics iiom the apogee to it’s odants, and decreafes fiorp it’s 
odants m it’s quadratures, and this alfodoftroys itfelf foui times m a iciO-„ 
lution If the cxccntncity be w, then (868, as j 

I ffjxEMXcof 2M£C = |wXi+wXcoi. M^iW^cof. zMEC-, of whiefc, 
\mx cof. zMEC is deftioyed, as before fhown,’&lfo IffiXwXcof MENx^» 
cof. zMEC IS veiy fmall, and in''the oppofite fituation of the ap&lcFr has 
a different fign 5 the accefs and lecefs thi^efore from tins part of Lh^loice, will 
deftroy each other in a whole levolution of th'e apfideso In eflimating tljeic- 
fore the metai motion of the apfides, the teims in the foicc where zMhC 
enteis, may be negleded , the whole force therefoie in the diicdton oi life 

I . EN > , mXEN^ 

ladius may be heie taken = - 1 mXEM- * . 


• I • * 

899. Let V be the velocity of the moon at ih'the dircdion ,v=» 

. •x • E *. 
EM, then by the pimciples of motion, ^*1;=— -j- x • 
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j _ ^ X — 3 , whofe flufet correfted is | ‘y* = ^ ^ - 1»2 X £N* - x\ 

2 , ^ , 

-i , , or = A X . . . . 

zc X EN* ^ 


_ i - ^ m X EJM’ X 


EN 

zt X x' 


, — £IJV^ — A-’* T\ ^ r 

X X X «»-«;-- i-i »7 X ENl X ' 

we fuppofe th e moon to be projed ed from it’s apogee in the odatits, with tlie 

vetocit^r and force of gravity ^ - i ^ x 

and whichVaries from that point in the inveife duplicate ratio of the diftancf, 
the femi-axis majoi of this elhpfe. and 
wl hive (8^9) ^ : --x., if therefo re we put^£N-. = ^, and 

£^*~x^ = zEN X z-z*} we get zx x X” =2Z— * 

X X z4- ! w X £iV‘ x z% and - i- x 

£N‘-k* 


zENxz-z' , azwz g'‘__ . - 


^mxEN'X^- toce, V'- ‘ 








= ^r, we have v = "X \/zez — z. 


tw-tnwxEN* ^ 2._ i -.zmxEN'XZ’^, and if ^ -!imXEN*szd\ and 
a ^ 

1)3 mw X EEl* ' , 

~a za 

i. ^zmxEN* 

a • / 

900. The body beginjifing J:o defcend from it’s apogee, when it comes to 

Vs pcrig«. .,= 0 . th«efore; = ..=^ ”_;'rx^' = "“ + 
t».cc the Htcentri'city of the ellipfe defcnbed without any diftmbing force : 
the whole approach of Ae moon to the earth in ifs paflage fiom it s apogw 
to it^ pongee by the difturbing forces •. aw : 3«w " ' = = ®- 
difference between le and aw is only the fmall qnannty 3 mw, the mM dif- 
tance of the moon from the earth may be confideted very nearly equal to the 
femr-aais major of the eUipfe which would be defcnbed' by the mMU projed^ 
‘fromthe-apqgM lb the odanc. by a force varying in the mveile duplicate rano 

.of the Alliance. ^ ' 

(jpi. tet Erz^EN-En, then take the iudcfxnitcly fmall arc 

'M‘n> and whh the <;pnter E defciibe thc-cucular aics Mu ms, diui 
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defcent of the body towards E in the time of defcnbing Mm; put Nt=:z, 
45=^3 ^ = the time down ?j, and diaw /t;, sw perpendicular to rN, and wx 

xz EN-e'X.z 


to tv. Then by the piinciples of motion, i-. 


e- zXZ 

^s/ ziz-z!" 

Nv . tv 


EN - e vw , XV , r „ . r - 

— — X ~ + , whole fluent is / = 


^\/zez-.-z^ d’y/zez — z^ 
r EN - e 


X — -f -T 5 when M comes to », the whole time of defccnt frt!ni.the 
e ct '* 

TV* — - ^ ‘uy’ *" ^ 

higher to the lower aplide becomes — ' X -j- = (if i p 'i iifdius : 


w 


miv X EN * 


« + w - 


za 


EN - e 

nicumference) i p X — s= f ^ X 


- ~ zmx EN*' 

a 




zn X EN^ 


|j) Xi zmxE^ ^^ mean diftance be unity, then £iV;=: i +■ t-, 


I 

a 


% m 


XEN 




and e being very fmall, = i + 3 1?, £2V*=:i + 2(? nearly; hence, th(^* 
rime from rhe higher apfide till the return to the fame apfide becomes 


^ , and the orbit being nearly circular, a « 

- — zm X 1 + 2^* --awl' 

a ^ 

P T •* 

nearly = i ; hence, the rime = ^ ^ 7^^ n-eally. 

•> 

i> * f> <% 

902. By Art. 894. the moon’s peuodic time is ^ | w X ^ ; hence, tlie mcau' 

time from the moon leaving it’s apogee till it returns to it the mean periodic' 


time 


P 


s/ X — zm 


^ - I w X 4 : , ■ - 

u » v' I —aw 




Now 


«!=, 0055796, and «= y/i - I »i = , 9986041 , hence, th^ above ratio be- 
comes I . ,9916199, therefoie ,9916199 • i : 36^ : 363“. 2'. 32 ", 39 i 6 ; 
confequently the motion of the apogee in one mean periodic revohruon of -tlio 
moon, is 3*. z'. 32",39i6, hence, zjd. 4y.> 3651;^. %h. 9' 3". z\ 

32",39i 6 • 40’ 40'. 20" the mean progieflive motioa,of the apogee in a" year. 
According to Ma-yer’s Tables, it is 40?. 41'. 33". 
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903 If for u we put \/ 1 - i nt, we have the mean interval of tune between 

the paflages of !he moon through it’s apogee : it’s periodic tune * — JL. ^ 

\/ 1 -zm 


- i »z X 


v/li-|w • I-i W 


m 


1 - Im 


— Imx 


i — I m 


nearly, 


1 


— : 1 

■ m 


. i+»Ai: I + |)«- I w X 1 +1 nearly, i + w i— fw:. -■ 

• * . * ' 

•1 + j m • I very nearly. Hence, the mean motion of the moon . the mean 

piogieflive motion the aplSdes :: i ‘ | w. But this is the mean motion of 
the mooh, and anfwers to the mean diftance of the earth from the lun ; but at 
jiay Qtlher dilfance i-f ^xcof T of the eaith from the fun, the difturbing forte 
of the fun (891) is 1 — 3<r^cof iT, hence, in general, the mean motion of the 
moon the mean progrefPrc motion of the apfides, including the annual va- 
riation, 1 ;xi«xi— 3CX col. T, therefore the mean progreflive motion 
of the aplidcs in the time the fun dcfciibcs the angle T" : equation of the mean 
motion in that time .. fluent of T . fluent of - 3 r x col. 1 x 7 2* • 

— 3^ X flii. 7 “, but in the time the fun defenbes the angle 7 \ the mean nio- 

40 ” 41'. . .. . 

X r : the- 

equation of tire mean motion :: T : -3^ x fin. T", tlierefoie the amiual 


tion of the apfides is ^ hence. 


equation of the apfides = - 3r x '3^0° ^ x lin. T = — 19'. 35" x fin. T, 
Sir I. Newton makes it ipi'. 

^ 904 By Art. 864. the force of ili to E= I x Affi-fl x PIE 

•r 

X cof zI^EC', and at the. highei apfide JV, it becomes | w x ISE-h 

0 • IS hm ^ 

X N£ X cof. zNE C , now if the force from N were to vaiy inverfely as the 

fquare of the difLince, at M it would become X 

1 — 3 iLof zNECi and by changing the angle NEC, the eJlipfc Is continually 
changing jn*o a new one , Uut if the oibil be veiy neatly a ciicle, the excen- 
tricity and pofiuon/if the apfides will (877, 878) not lenfibly be altered m a 
whole revolution Hence* the motion of the apfides, and the vauation of the 


m X NE^ 


excenmciCy, depeird vJ^on,- iw xME x i - 3. cof. zMEC + — Mp~ ^ 

f — 3fcCof zNECi, which* is the difference between the leal force at M, and 
whai^ would have been the force if it had varied inveilcly as the fquare of the 
dillance from 


905. The 
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fit X JV JS ^ 

905. The forces ^imx M£+ ' Jiearlj^ In 

every fituation of the apfides , alfo the force 3 m x ME x cof, zMEC (m 
crbitb nearly circular) deftroys itfelf iu every revolution, by the oppofition ot 
it’s figns Hence, the variation of the excentricity and the mequajvty of the 
motion of the apfides, fo far as they depend upon tlie fituation of the apfides, 

n ^ X ilVjE ^ • * f 

antes from the force — ' x cof. 2iV’jSC, which vanes as cof.- aiv^C ' 

netily, in an orbit which is veiy neaily a circle. Hence, .the whole inGqinility ^ 
of the niotion of the apfides in tlieir tranfit from quadratures C to i^Tis in pio- 

r- • 

poitionto the fluenfof cof. zNEC x zNEC, 01 to fin. zNEC^ 01 fin vNE&^^ 
the diftance of the apfides from fyzygies. By obfawation, this greatcB vaii-' 
ation of the true from the mean place of the apfide is about la®. x8', hence, 
tins equation of the motion of the apfides = 12®. 18' x fin. zNES. 

906. Let the abfolute gravity in the higher apfide N= and let it 

vary from that point in the inverfe duplicate ratio of the diftance, andjer zv be 
the eccentricity of the elhpfe fb defciibed, and a be it’s femi-axis major,- then • 

(Szp) the centnfugal force at x Now (905) the vanaiioa . 

of the excentricity depends upon the force x cof. zNE C. HcncC 
if « = MEy w = the velocity in diredion of the radius, then vv 




4 - 


^ ^ + kxi - ~ y. EN X -7;^ , whole coired iltienc 

A zzaz-r B* 


- «■ 


(if z =ElT—x) is V* = 


EM^ 


X 


^-3^>;c£iV»x cof. zNEC X 


iM~ JF* ~ - X cof. zN'EC X 


EM' 


EM' 

sT 


W = - X X - 7 X 

ibwz-hz' ^ 

~ 3 wX£iV^»Xcor. %NECxz-^imxEN'xaiVzm.Cx b*;) 


( 


a 


but the body defcendihg from the higher to the Tower apfide, this velocity 
at the lower apfide vaniflies; therefoie if we iqa|:e -ir=s"o,‘ wc'gctrz ==' 


%hza 


-%mx EN^ X cof. zFEC 


3 f»XEN'x cof. zNEC 


the whole fpace through which the body, has ^ 


t'defcerK.bd 
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defcended in the diredion of the ‘radius vedor, in it’s motion from the higher 
to the Ipwei apfide, or twice the excentiicity of the orbit defcubed. Now 

^ I 

(864) the force of gravity in the higher apfide= - i w X i 5 iV+-’ m 
X^iVxcdf. 2NEC, and if unify reprefent the ferai-axis major of that orbit 

I , « 

which would be defcubed by the mean force 2 »?X EN in the higher 

* *i r 

apfidp, and that force be increafed in the ratio of — i ffiXEN ; ■=rrr 

^ EJy . EN^ 

-imxEN’+lmxENxcof. %NEC, or as i : i + \mxEN^xco( i.NEC, 

• *irthen (674) by this increafe of force, the femi-axis majoi iS dimimfhed in the 

^ fatio of I I — XEN*-^ cq{ zNEC, theiefote unity being the lemi-axis 

major by the foiraer foice, the femi-axis major a by the latter loice = i — I w 

X EN^ X cof xNEC. But b — i-lmx EN^ + | x EN^ x cof zNEC, 

hence, - = i — f x EN^ + 3 iw X EN^ X cof xHE C , confcqucntly s = 2 lu — 


^ ^ X EN^ »< cof zNEC _ 

mXEN^ i-^mxEN^Xtol xJNEC — ;^mxEJS/ x col iNEC ~ 

^ ^ X jETV^ X cof* C 

^ 2 jTO — • — nearly, theiefoie the vaiiation of the cxccntricity 


X coT 

=5 — 'i - ffTx ' EN^ ’ Hence, the vanation is in pioportion to the 

cofine of twice the diftance of the apogee from quadratures, or twice the dif* 
tance of the apogee fiom the fiad. 


'907 When the apfides aie in the odants, cof. zNEC — o^, and the cxcen- 
tiicity IS there the mean When the apfidcs aic m ijxygics, cof. zNhC= — i, 

^ ^ 7)1 "X. P /V ^ 

aryi the vaiution of excentncily= PJV ^ cxcciitiicity being 

then increafed by this quantity, on account of it’s being pnfitive \Vhcn the 
apfidcs aie in quadutmes, cof. xlSfEC=. i, and the vaiialion = — 

o yyi 

— _ which being negative, fhows that the mean exccntiicity is theie 

diminiflied by* this quantity. Hence, the exccntiicity is incicafod whilfl the 
apfides move^fiom quadratuies to fyzygies, and dccreaied whilfl they move 
"^om tyzygies’to ^[Ujadi^tuies. 

^906. 'As = 0,00557^6, ?ind £//= 1,05505, the mean diflance being 

'unity^, and the mean excentncity =,05505, we have — C5O0986 

the grcateft .variatioa'of the exccntiicity fron* the me..a exccntiicity. By 
* • •■ , obfervauon 
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olifeivation it is 0,01168 Hence, if X=£the mean diftance of tlie moon 
fiom the fun, r = 0,01168, the excentiicity = w + f X cot 2Z — 2!' veiy 
nearly. ^ 

909’. By Aiticlc 905. the principal inequality of the motion of the 
apfides vanes as the fine of double the diftance of the apfidee fitfra fy zygics, 
ai?d IS equal to 12® i8-'xfin. zNES, Now if we make the mean oxcciuiiuity 
(,o<^£;o(;) ladius, then ,01 168 will be the fine of 12“ 18' very nearly, r. Hence, « 
Sir I. Newton giv’^es ihe following confliiKStion for finding the excenuicity 
Fig. of the 01 bit, and the equation of the apogee Let E be the locus of the 
208. cllipticr orbit ck (cubed by the moon M, and EKFI the mean "place of the 

apogee, coiiedted hy the annual equation (903), AF= ,05505 the mom c?-^. 
ccntncity, EK= 5O4387 the leaft excentncity of iJne moon’s oibit, aiid ZiJ= ^ 
,06671 the greateft, bifeft KI in F, and with the center F defenbe the 
circle IHK , take the angle FIFl equal to twice the diilance of the .ipogce 
flora fyyygies, and EH will be the excentiicily of the oibit, and the angle 
11 EF the equation ot the apogee, neaily. Foi the angle HEG being fmall, 
we raay confider EH =EG, theiefore EH—EF — FG — cof HFI — cof^ 
twice the diftance of the apogee fiom fyzygies, to the radius FI , hut* (906) * 
the variation of the excentncity vanes as that cofinc, therefore if the cofine 
exprefles the value m one cafe, it mull; always expiefs it", now when H conicS 
to I (or the apogee is in iyzygics), FG becomes FI, and exprefles the 
vaiiation in that calc, by coiilliudion , hence, FG exprefifes, in geneml, the 
vaiiation, confequencly EH will be the excentncity. Alio (on account of the ’ 
fmall vaiiation of EU ) HG may be confideied as meafuring the angle HEG, 
and HG is the fine oiHFI twice the diftance of the apogee from lyzygics, and 
(905) the equation of the apogee varies as that 'quantity ; theicfoic if flEb 
expiefs the true vanation in one cafe, itmuft in all when G coincides 

with F, GH — FD [FD being perpendiculai* tq Kt), and the angle 
12* 15' which IS very near to 12“ 18' the greateft equation, Iicncc, the angle 
HEG always exprefles veiy nearly the equation of the apogee 

010. Produce EF to J the apogee of the oibif, and Jet L be the other 
focus, join MF, ML, MH, and on MF Jet fall the perpendicular Hv 1 diaw 
Eiv parallel to LM, and ES towards the fun. Now (227) zEAI-F is the 
mean equation of the center, and zEMH is the equation at the given tiiucj 
hence, 2 HMF is the diFerence of the two equations, or the Evcltwu, whole 

fine IS , 01 nearly = = ~~ x fin, JEfFM Let £ = tliG angle 

MLA Ihc mean anomaly of the moon ; allb let X*the diftance of the-nieOh 
place of the moon fiom the fun, or the angle SEw, and z=. LME = MEw T 
then Z-^z=AEM the true anomaly of .the moon, nnd X-z=SEM, and 
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as ilie moon moves quicker from the apogee than fiom the fun, ue have 
Z-X=SKN the hue diftancc*of the fun fiom the apogee of the moon, ^ 
hence, Now MFJ is very ncsi.\\y — MLA=Z , thuctoie ^ 

MFH-zX~Z, ^ence, if the mean ra dius of the lunai orbit be allumed 
unity, wqhave the evedtion ^ai/Fxfin zX—Z. Now wIkii aX— Z = 90*, 
the evedlion — zlIF—OjOZ^^ 6 ) winch is an aic of 1°. 20'. 18'' the gi catefl. 
cvedliop} hencoi the evcdtion at any othei time is- i". 20'. i8"xfin zX-Z, 

It being manifeft fiom the conftiudtion of the figure,, that when zX-Z is lefs 
, than 180® the equation is fubtiadlive, turd additive when it is gieatei. 

• * 

' OH*th Equation wkAhJepends- upon th Place of tie Apogee of the Moon tn 
refpeSi to the Sun 

Qi T . By Art 864 the difluibing force of S upon M= -Ini x EM + 1 m 
X EM X cof. zMEC= -\mx EM -I m x EM x cof. zMES = -^mx 
£MxT+ 3 X coi; zAlES But (868) EM= i - i + w x cof z + lw^x 
co’f. 2Z, negleding the highei powers of w, hence, the difturbing force = - 
IJM X i-i'^Xi-h3Xcol zMES-imwXtoi: 2-|ww’Xcof zz-imw 
-«<cor. zMESxcoC z-}mw^X cof. zMESx cof. 2 Z= (as co f zMES x 
cofi 22:= f cof zMES+ zz + I cof zz — zMES) mx i~ i 
i+SXCof zMES—i mwXcoC z— | mw^xcoC zz— l nizvxcof. zM ESx 
cof. z-imw'X cof. zMES + zz - i m%v* X cof 2 2 ^TMES Now 
2- M£S = <S'iSNthe diftance of the fun from the apogee N of the moon, which 
‘is conftant m a whole revolution of the moon, when the pofition of the apogee 
in refped to £he fun is given , alfo, conftant , and if we negled | ww* 

^on account of it’s fmalhiefs,* !ill the othci tcims will be dcftio^ed by the op- 
^ofition of their figns, in a revolution of the moon Theicforc when the 
pofition'of the futi in refped to the apogee of the moon’s oibit is given, the 
mean difturbing foice ih one 1 evolution of the moon is -\m -\mvo Xcof. 
zz-zMES Hence,’ the, diftuibing foice is greateft when the line of the 
apfides pals,through the fun, and Icaft, when it paflls thiough quadratures 
in refped to the ffin. 

§12. Hpnee, the mean foice of the moon to the earth the mean foice in 
one revolution of the moon in any given fituation of the aphdes i — ^ j 
col. 2Z - % MES (2Z-2X) nearly, ;• i 
*col! zZ- zX fieaily. *But if w = the mean excentiici ty, and r = ,01168, 

th?n will the tiuc cxcentricity be equal to w+? xcof. zZ— zA (908),, an(^ 

VoL, II, * • • G cunfcqucntly 
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confequeatly it’s fquaie is ?y*4- 210; X cqf. zZ ■— 2X neailt , fubf^itut-c 
this tlieiefore for w* in the above piopoition, and wc gel the mean force 
of the moon to the eaitli : the mean foice in any given iituation of the 

apfides • I I •— i w 2? 2c; X cof 2Z aXXcof IZ — 2 A=(c.s coC 

aZ - %X X cof aZ-2A= f + | cof. 4Z- 4A) i - | x c^if rZV 2A - 
I rrte; X cof 4Z — 4^?^ neaily, hence (875), the mean motion of the moon is 
changed in the ratio of i • i - | otto® X cof %Z—iX- i mrw x cof 4^- q.4 ; 
confequcntly the mean motion of the moon in the tunc llic fun citparlt^dTroni 
the apogee thigugh the angle Z-X the equation of “'the me ui mc-lion 111* 

that. time the fluent orZ-A”, 01 Z—X, • the fluent of — | re;® ^ coi^ 
2Z-2XxZ-A-:|»'? wxcof 4 Z - 4X X Z - X,j3i - ;OTTO®Xfin 2 A - zxy 


- ^ OTrTOXfin. 4Z-4X. Now when the fun leaves the apogee, it conics 

to It again aftci it has clcfciibed an angle of 405,7“, as appears flora the mean 
motion of the apogee found in Art 902. Theiefoie in the time in which the 
fun has depaited fiom the apogee through an angle Z-X, it’s motion has 

been X Z — A ; hence, the mean motion of the moon in that tim*e has 

been X X Z—X , we have theiefoie X — ^-^ 2 x Z— X •• 

iCo 360 160 360 

the equation of the mean motion Z—X : — Cm ^Z — 2X — 

^ , — 

^wrTOXfin. 4Z~4X, confequcntly the equation of the mean motion is 
“ X I OT2o®xtin. zZ—zX— X — 


160 


360 


160 360 

fin. 4Z-4X= - zo" X fm. aZ- 2X - 2,1" x fin. 4Z - 4A. 


X 


16 


fnrw X 


To torrent the Equaiwtt of the Center of the Moon. 

$13. If TO be the mean excentucity of the moon’s orbit, Z the correlpondinry 
mean anomaly, the true anomaly =Z- 2TOX fin Z4-|w‘Xfin zZ (870') 
omitting the other terms, but (908) the tiue ekcentiicity =TO-(-rX£on 
2Z-2X, and the fine of the aberration of the qpifidc noth the- mean*p lace 

~ 2,X (924). Now (903) the annual equation of the nsean 

r 

suctioft of the apogee is^ 19', 35 ^^^ therefore Z cor^cpcicd by ^p- 
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plying this coricftion of the apoge^f, is 2 + 19^ 2 , thcic is (O91 ) 

an annual equation of the mean motion of the moon — 1 1 '. 55"xfin. T , applying , 
theiefor^ this corredion alfo to Z, it becomes Z+32'’. 30" X fin. 2 ' No,v 
in the iccond tein> ( — zwxfm. Z), fubflitute for Im. Z it’s ir.oic LOiud. 
value, fi<i-* + 

new term — z*w X 32'. 30" X fin 2 x cof Z is intioduced, which is — — 

32' 3o"^wX lin. Zd- 2 '"+ 32'. 3o‘''OTXfin. Z—'/, It we wcic to coii-<.t this 
* iecond term, by fubftituting foi w and Z then coir^dted values w + t cot. 

2Z — 2X and Z— X fin.' aZ — 2.Sr, as we do in the coiiedtian of the thud 

• . * w • 

. term, .it would produce tlie evedion, which we have .aheady detciniuned 
1(910). • Next, in the third term ( f w* x fiti. aZ), 101 iv put w + r ii 
cof. 2 Z — zX (908), and for fin zZ wriie the value of it coi- 

ledted for the pimcipal equation of the apogee^ that is, lin. (2Z— — X 

JP* 

fin. zZ-zX) = fin. 2Z - — X fin. zZ-zX X cof 2Z neaily, =fin. -f- ~ 

’ V fin.’ 2X- - X fin. 4Z - zX, and we get thefe new terms f rw X fin zX 
^ w ^ 

'_.|fwXfin. 4Z-- zX + I ^ K' X fin. 2Z X cof. aZ — zX nearly, = (a^ the latt 
term xfin. 4Z— zX+frsei X fin. zX) \ rw Y. fin. zX, The pre- 

ceding corredion Z + 32'* 20" x fin. T of Z w^ not heie introduced, 
on account of the fmallnefs^ of the equations which it wo uld ha ve produced, 
lienee, we have thefe new equations , -3a' 30'' wX fi n Z-i-J'+32'. %o" 

X fin. Z — T + 4 rw X fin. 2 2 ^ = — ih 47 ^^ ^ ^ 47 ^ ^ ^ 

4-3' 3i"*xfin»2X. 

^ • 

* To corriSl the Equation of the V a) iation of the Moon 

^ • • 

514. The variation of thg moon as aheady determined (889) is 35'' ro'^X 
I — 3,29'9f X foir 2 X fin. zX—'i)^' i®^^X fin. zZ— 3j299^^cof. 2 ^>^fin. zX, 
Now (870) the difieience of the true and mean places of the moon is 
'^.-a-tfJXfin Z, omitting the other terms of the ferics’, but this is without 
confiderin^ the ainiuSl ec^iation 4-12^ 35 Xfi®* 2^3 01 ,00373^ ^ fi*^* 
the InObn, hence, the diffcieRce becomes - a wX fin. Z 4-5003 758 xfin^ T-, 
•and confidfring Jt as the* mean diftance of the moon fiom the fun, we have 
X fin. Z 4 - ,003758 Xfin. Y foi a correded difiance of the fun from 
, * • G 2 the 
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the moonj hence, fin, 2X becomes fin (2X,— 4wxfin Z + ^ooy^ifixfin 2 ) 
=fm. iX-Atvxfm. Zxco_f_^,oo75i6xfin. Txco^zX^fm 2X-2TJ 
X fin aj? + ^4 2 to X fin zX~ Z ,oo^j£ 8 xiin. ,002,'^ X 

^jX Y. Hence, the coiieded vaiiatioi i of the moon becomes ^5' io" X 
kn aZ-ateJxfin 2I + Z+awX Tin 2Z-Z + ,oo 3738 XTrin.’ 2 A- 4 - 2 "- 

,'oo^ 37 s 8 xfin.^r=T)- 3 , 299X35' io"X ^ X cof. Tx (fin 2 T- 2 t^;xfin. 
:^XKl-f2WXfiii 7 T^) neaily, omitting the other two terms on :=iccount - 
of then finallnefs Bat the laft term, after aftually multiplying each pait of ic^ 
into cof T, may be fuither refolved into — 3)299 X 35 . 10 x f xr( f fin. 
2X4X4- f fin 2X- r-wxfin 2X+Z + 2 -wxfin. 2X+Z - 1 +wX fin. 
aX-Z+T - 4 w X fin. aX-Z-T. Hence, befi des the equation 2 JT,, 

we get Ac following, ss'. lo* x (-cm X fin cJT +Z +2ecX fin. zJi- Z + 
,003758 X fin. VC+f- ,003758 X fm. aZ- 2 - 1 - 3 ,299 X 35 ' ;°"X^ 

(I fin aXT-ff+ffin zZ-X-t e^xfin 2X 4-X4-X-zc; x fin. 2X'4- Z- y 
+ w X fin 2X-Z4-r4-aj X fin 2X - Z - X) = - 3' 52'' x fi n. 2X'-4 Z 4- 
3' 52" X fm 2X^4 7",9 X fin. iX+T - 7^9 X fm. 2Z- X- 58^4 X fm , 
ajy 4 r- i; 8 '^ 4 Xfin. 2 X-y + 6 ^ 4 X fin 2X4X4 ^^ 4 - 6 ^ 4 Xfin 2 Z-b Z^ 2 ' 

- 6", 4 X fin zX-Z + f- 6",4 x fin. 2Z- Z - / = - 3'. 52'^ x 2.X 4 - Z ^ 
+ V 52"X fin. 2Z- Z- 30^5 X fin 2X4- Z— 1' 6",3X fin zX — X -f 6 "^ 
Xfin. 1 XTZ 4 F 4 - 6 ^ 4 Xrim 2Z4-2-r- 6",4Xfia. 2 Z-Z 4 -r- 6 VlX 

fin rx-z-r 

915 The principal pait of the variation is 35'. lo'^X fin. 2X Now let 2 X 
(double thediftance of the moon from the fun) be coirefted, by taking two 
terms (870) of the equation of the center of the moon, that is — zwX fin.^ Z 
-f-lw’xfin. 2Z, and then 2X becomes 2Z— 4wxfm. Z4-^“w* x"fin. 2 Z , 
fubftitute tins therefore for zX into 35'- io"xiin. z-X, and we get 35'. lo 
fin (2r-4wxfin. Z4-|^«*xfin aZ) =35' 10" x (fin zZ-^a^xfin. Z.V 
cof zX+iw*x fin. 2Z X cof. zX) , and the two firft having been already 
confideied, there arifes a new equation 35^ io'"x J 20 x fin. zZ x cof 2Z 
=i: 35'. 10^^ X " tw* X fin. 2Z + 35'* '^o''x\'w X fin. 2Z— 2Z=8 x fin 

2Z4aZ+8"x zZ-zX, . ^ ' 

916, The principal part of the variation may alfo be correded, ifX be 
corrected by the equation of the eveflion, or if for X we fubflitirte X— ctr x 
fin. 2Z— ^ (9^0)) '“i which cafe we get 35'. ^io'*'x fin. t 2Z-— 4 r x fig. 

=35' to" X fin. 2Z--35' io"x4rxcof 2iZx fin „zX —Z , hqpcc,). 
there arifes a new equation — 35'. 10" x 4r x cof. aZ x fin. aZ- Z=''- 35',,i o" 
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t 


xErxfm. \X-Z + ss'' i o" x»a r x fin Z=-49"3xfin. Z + 4 .g'\s 

X fio. 5 • 

917 The variation will alfo vary in propoition to the dilluibing foice of 
the fun. Now (893) the mean diftuibing force . that dilluibing foice which 
aiifes frhtti thr different fituations of the node of the lunar orbit • i I 
cof 26 — zX; hence, there arifes anothei coneftion qf the vaiiation=35'.iio' 
y i « fin. zXx cof. 3 s'- I + 35 '- 10" x | x fin, 

aX^S=. 1 2", 5 X fin. zS - 1 2", 5 X fin. 25 - 4Jf. 


To corteSi the Eqiiotion of the EveSlion of the Moon. 


918. The eveftion (910) is - 2r x fin. zX- Z, and r = HF, which (906) 
is proportional to m, 01 to the difturbing force of the fun, therefore, in 
general, the eve6tioa= - 1 -3rx cof I x 2r x fin. zX-Z there ai ifes theie- 

, fore a new equation =6rrx cof’ 2 ^ x fin zX— Zz^^o^ct x fin. zX — Z -{-7 +-3irr 
* X fin zX-Z-T= + z'. i" X fin. zX- Z+T+z' 1 " x £n. zX-Z -7 

919. On account of the various fituations of the node, the difturbing force 
*C893) varies as i * H-|j*xcof zS'-zX, hence, the evedion becomes 

- x+l j*xcof. zS-zXx zrx fin ±X-Z, there arifcs th erefore a new equation 
• =- 3^r*x cof 25 - ajfx fin, zX~Z = - I rr»X fin. z S-Z- irs^xCm. 

4X-zS-Z= -zg"x fin zS -Z - 29" x fin ^X-zS-Z 

920 If double the diftance of the moon fiona the fun {zX) be corredlcd by 
ihe'annual equation (891), it becomes zX + zf. 50" x fin. 2 , and if the 
mean motion Z of the moon from the apogee be coirefted by the fame equation 
12'. s^'x fin. r, and by the J«inual equation- 1 9' 3 fx fin T, then Z becomes 
51 + 32' 30" X fin. T, hence, 22C— Z becomes zX—Z— 6 ' 40" x fin. T, 
thciefore' the evedt*ion becomes — zrx fin. {zX — Z — 6 '. 40" x fin. T)= — zr 
X fin, zX- Z- zrx 6 '. 4 o"x fin. Tx cof zX~Z , hence, there aufes a new 
equation —'2 r x 6' 40" x fii> T x cof zX— Z = —r x 6 ' 40" x fin i zX -Z-t-I 
+ r X 6'. 4(9^' X fin. zX — Z — 7 '= — 4-" x fin zX— Z + 2 + 4\'' x fin. 
2 X-Z-f 

9*21. Henep, we^have the following equations of the moon’s longitude 
(•eckoned liipon it’s orbit^,* to be applied to the mean in order to obtain the 
truq longitude, paving «ol]e(^ed into one term, all thofe which have the fune 
* argument: 

. * ' L- 
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Jl- . . . - 6* 

,jr . . . + 

jn. ... 


VI . . , . 4- 

VII. ... + 

VIIL - ^ -f 

IX r. . . 

' X ... - 

XI. 

XII. ... 

xiir , . . + 

XIV. . . . - 

XV. . .4 

XVI . . . - 

XVII . . . . 

XVIII. . . 4 - 

XIX. . . . + 

XX .... 4 - 

XXI . . -- 

XXII. . . . - 

I XXIIJ. , . . 4 - 

xxrv. ... 4 



3 ^ 4 

’ fin. 

Z. 


^3 

0 

fin. 

iZ. 


0 

37 

fn 

V 


16. 

26 

fin 

zX-Z 


3 

52 

fin. 

dX+Z. 

f 

40 

41 

fin 

aX 


12 

35 

fin 

T. 


3 . 

A 1 

fin 

l-T. 


1 

47 

fin 

X+2' 


T 


fin 

2 \ . 


o» 

5 o >5 

fin 

2XT2'. 


0. 

12 

fin 

2?:-2X 


0. 

2,1 

fin. 

^Z— 1.x. 


0. 

49.3 

fin. 

aX-Z. 


0. 

I 2>5 

fin 

25 


I. 

28 . 

fin. 

26’ - zX. 


0. 

29 

fin. 

2S-Z. 


I. 

59>3 

fin. 

xX-'A- 

T 

1. 

49’9 

fin. 

2X-X^- 

T 

0. 

8 

fin. 

x'A + 2X 


0 

^ 2,5 

fin. 

2 t 5 — 4 • 


0 

29 

fill. 

4X — 2 i' - 

rz, 

0 

6,4 

fin. 

aX+Z - 

"f 

0. 

6rl- 

fin 

zX+Z + I 


922. Thefc are the equations of the moon’*s longitude upon it’s oibit,» 
.deduced from the principles which Sii 1. Newton has givp. in liis rnnripial 
and it is manifcfl, that we might have piocecded in the fame manner, and 
found many more ftnallcr equations. By this method of ti eating the ful^eftj 
the fouicesof all the equations become manifefl, .and eveiy one i<?. cakulated 
diicflly from the caufe which produces it. Comparing thefe wuh flic equa- 
tions deduced Iiom the diiecfb method, no greater difleience is found, than 
what is obfcivod to tak& place ainongft thofe which* are computed from , the 
diredt Iblution, by difieient Authors, and MAirEjEtyi aftei Ins moftlabeiious 
calculations, founded upon a veiy elegant theory,'* was obliged to corredbintiny 
of his equations fiom obfeivations. We fhall afterwards fliow the rcdu£!ion* • 
neceffary to give the longitude upon the ecliptic. • 
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923. The cqnaiion i' aX-Z-i-r, Sii I. Newton thus repicfcnts , 

The coeftrufci®!! of Fig. 20S. icinaining, make the angleM/Ti =zX- Z+F, Fig. 

and take ATr — , 000 winch quantity lubtends an angle of 1'. i2j"atiV/, 208. 

the t^'hole equation being 2' 25" accoiding to Sir I Newton, and not 1' 49", 9 
as we iria]?e it», and Hmr will be the corredtioa foi this equation. Foi con- 
ceive the center of the lunai oibit to be tranfpoitcd fionrt Hio f, and to dcfcube 
* ^ circIe,cbou t and diaw fs perpendiculai to MH, then ;x=,ooo352 x fin. 
iX-Z+r, therefore t he angle tMl{=i'. raf^xfin. zX-Z+Z, which 
vanes as fin.^zX— Z-f-Z, and the whole quantity of vaiiation is^ z' 25", taking 
Ip- on oppofite fides of H, and at light angles to MU^ As therefor^ the 
' wholeVaiiation of rMH is (fiom this conftiuaion) the true quantity, and iti 
Vanes in it’s propei latio, u mufl olways repiefcnt the true coiiciSlion, 


0/1 the Eqtmms of the Jmtzontal Farallax of th Moon. 


924 By Art. 868. the diflance of the moon fiom the center of the caith is 
ri-|-|zy*-}-a; X cof. Z— |ai*xcor. zZ, but the horizontal parallax of the 

nioon is inverfeTy as the diftance, or as 1 

T -f I ze>* 4 -z«i X cof Z - 1 X cof 2Z' 

• =51 - i wx cof. Z+ ze)®x cof! Z*-b | zei*x cof. 2Z= (as cofrZ“=| cof 

2Z -f- i ) I — ze; X cof Z id^x cof. zZ Now (908) w -f- r x cof. zZ — zX 
= EH the true excentncity at the given time, and ( 909) the fine of HEG (the 

aberrationof th® Ime of tlie apfides from the mean place) = - ^ ^ 

. w-t-rxcof. 2Z-2X 

^ y ■ 

~*w ^ ~ nearly. Hence, if in the above expreflion for the radius 

r ♦ 


vcdtoi, we put zu r X cpT. 2Z — zX for zy, and Z — - x fin 
• rv 

; r t 

and if for* cof (Z--xfin. zZ-zX) we wiitc cof. Z+ 


2Z - zX for Z i 

r 

- X fin. Z X fin. 

w 


^Z jX (the cof of -x'fin 2Z-2X being confideicd unity), wc get the 
horizontal parallax of the *mopn pioportional to i-ze;xcof. Z-rxfin Z 

^'^^n ‘aZ-gX-rxcof Zxcof Iz^- g x fin. Z x fm zX x cof. 
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i cof. zK- Z- i cof. 3Z- aX, al fo, cof. Z x cof cof. 

zX-Z + i- cof. ^Z-aX, laftly, fin Z x fin aZ-aXxcof. zZ-zX-^, fin. 
Zxfin. cof. JZ^, hence, by fubilitution 

%ve get the horizontal parallax of the moon propoitional to i col. Z 

X cof 2Z +ae;rxcof. aX- x cof. x coh 

xcof. 4Z - zX +■ — ,xcof cZ - 4.x, the mean horizontal parallax being 
“ . 4W 

unity. 

025. This woufa be the honzontal parallax of the moon in an elliptic orbit . 
having the earth in it’s focus , but on account of- the change of theloim of 
the orbit, at the dilbance X of the moon from the fun. the ladius (8S2) 

varies in the ratio of i - 4- x cof. aX ; i , hence, the parallax 
varies ui the ratio of — — — • i, or as i x col. 2 A i ^ 


I — X cof. zX 
140 


140 


there arifes therefore another equation + paiallax The 

horizontal parallax of the moon is therefore i-'j^iyxcof. Z+>%v^xco( 22r\ 

^ ^ j. _L.x cof. aX X cof. 4X- 3 Z - r x cof aX- Z -b w? x cof 

^ 140 

4Z - 2X -I — " X cof. 5Z - 4X, the mean honzontal parallax being unitj . 

If therefore we affuine r =.01 168. w=j05503, and the mea^ equatoiial pa- 
rallax to be 57' I i".4j as Mayeb. makes it, jve have the equatorial honzontal 
parallax =37' ii",4- 3^ 8",9 x cof. Z+ 10", 4 x cof, zZ+26",y x cof. aX- 
a",i X cof 4X— 3Z-4o".i x cof zX - Z + z",z x cof. 4Z- 2.k+ z",i x cof. 
cZ - 4X Hence, we find (173) the horizontal parallax for any other 
latitude. 
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Oh the Motion of the Nodes of the Moon's Oibit. 




926#* If z*be the cofine of any angle .v, then z® = | + -^ cof. 2.v, 

2;+='5-l-| cof. 2*;4-i cof. 4*., 2®=.-^+^cof 2 A? 4- cof. 4*; 4 — ^ cof Sx, 

radius being unity. This appears from the piihciples of plane Tngono- 
•metty.. 

*927. Let jB te the earth, CADB be the plane of the ecliptic, NMi^ the 
fnoorf s orbit inclined to it, and fuppofed to be a circle* Nn the line of the 
*nodes ,*^£5 the line of the fyzygies perpendicular to CED, MK perpendicular 
to CD, Jv a perpendicular to the plane of the moon’s orbit, and vt. At per- 
pendiculai to NEn Now the ablatitious force afting on the moon at M 
afts paiallel to AE, and confequently it makes the fame angle with the plane 
of the moon’s orbit as AE does, and if we conceive AE to be a foice, Av 
,is that pait of it which a(fb perpendicular to the plane of the moon’s orbit; 
* and tf we put J=the fine of the angle A tv the inclination of the orbit, to ra- 
dius unity, then i : s : At Av=:s x At, hence, AE : the ablatitious force 

^MK (845) •; s X At i that part of the ablatitious force 

which ads perpendicular to the plaije of the moon’s orbit. Let the periodic 
time of the fun * that of ih^ moon i : then the part of the ablatitious 

force ading perpendicular tp Ae moon’s orbit : the ablatitious force ;; 

^ .. s X At i AE, and (858) the ablatitious force : 

the giavity o^ the moon ^n*MK : ME ox AE , hence, the force ading 

perpendicular to the moon’s oiliit . the moon’s gravity ^ti^s x At x MK 

"AE* Now the velocity of the moon being reprefented by the finall aic 

Mw defcribed in a given time, the velocity geneiated by the gravity of the 

moon to the eaith in th,e.fame time is reprefented by twice the fagitta of Mw 

, ,* Mw'‘ Mw'’ 
which = 


- •ME ~ AE ’ 

S • 

as the foice, AE* . ^h*s x At x MK 


hfince, the velocity generated in a given time being 
Mw' 


^H*s X Mw* X At X MK 
~AE ' AE^ 

the 


* • ©n account of the inclinftiOB of tlie moon’s orbit, ^MK does not accurately exprefs the 
* ablatitious foice; the difference however which this confideration would make in the refult is fo 
very linall, that ve lhall here omit it. 


Fig. 

209. 
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the velocity generated by the ablatitious fore? in a direftion pcipendicuki to 
' the moon’s oibit; draw tlierefoie wz peipendicular to the oibit and equal to 
this quantity, and deferibe the circle ]^'Mzn\ and NN\ or nn', will bo the 
coirelponding motion of the nodes Draw up peipendicular to Mu. Nov% 

, ,, , wz X Mk - > ^ , 

Mw wz fin. Mp or Mn, which is Mk, . np- — — > anU hn.^«w 


(^) 


np 
•wz X Mk 


wz X Mk 
Mw 

= 3«® 


nn =■ 


ii)z x Mk 


X 


Mw 


S X Mw 
At xMKx Mk 


Mw 

hence, the' angle = 

. Mw 


■3«* X 


X fin-^EY' 


l'xM£xM^- JE^ - ME 

X fin' MEC X fin. MEN the motion of the node, whilfl: the moon de(lribc^ ^ 

Mw, denoting the angle which. Mw fubtends at E This is the cafe ' 

’ ME 

when the oibit is a circle Let us coniider therefore what will be the motion 
of the nodes, if we diminifti the diameter AB by a very fmall quantity, and 
fuppote the curve to become an ellipfe, the peiiodic time remaining the lame- 
PiG 928 Let CA'DB' be the ellipfe j draw perpendicular to CD, and. 

zio mqk parallel and indefinitely near to it 5 join EM, E^, Em, with the*, 
center E defenbe the circular aic qct, let nEN be the line of the nodes, and 
draw Mi and perpendiculai to En Let one body defenbe the ciicle. 
and the other the ellipfe, and let them fet out together fiom C, then they wiU 
come to M, at the fame tune, for (805) the area CEM ; CEA the 
time through CM : the time through CA, and CE^ CEA' • the tunc , 
' through' C^'. the time through CA-, hni ,CEM .. CEA • CE^: CEA', 
therefore the time thiough CM . time through CA • time tlirougli Ci^ 
the time through CA' , but by fuppofition, the fecond and fouitli tcimvaie 
equal, theiefoie the fiift and third aie equal, and the bodies come to M ami 
^at the lame time, and Mm, will be the cotemporaiy arcs cHcubcd, 
and the cotemporaiy areas defenbed about E being in piopoition to the who)? 
areas, we have MmxME qcx^ EA EA' ME • HA', tlicieforc 
Mtn . qc : ^E . EA' But (845) die difturbing foices at iif and aie as 
MK : veiy neaily ■*, and theiefoie (927) the Vnotions pcipcndu tJ.u to 

the planes of the orbits (lepiefented m Art. 927 by wz) will be as-MA' S>K. 
Now the force afting peipendicular to the pi me' of the ojibit at turns die 
plane about and thereby pioduces a motion of the nodes j and Uis 

motion produced by this force is compounded with the^ motion orwitlir^ 
the two motions cq, of which % lies in the. hne about which the phyic 

, „ tuiiis., 


* They are not accurately fo, as before obferved, becaufe die orbits are a .little inclined vj 
the ecliptic CAB Lit 


* • 


so 


but f 3 EJ\d* 

ME 
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turns ; tlierefore the motion of tbe nodes is the fame as it would be in a body 
defcribmg the circulai arc f j in the fame time. Hence, from the fiift; expief'i 
fion ia*the laft Article for the angle we get the motion of the nodes ol 

♦ AOTx Mr 

the circle the cotemporary motion of the nodes of the ellipfe 

MK X Mr x 

q/ ' MEx^E ^E x EA' 
fin.' nEC + CEM = fm. nEC X cof. CEM + fin. OEM X cof. «£C, 

*‘^fo, |£ =/in jiEkj==^m. nEC+-Cn\=^fm. nEC x cof. fin^ 

•cof %ECi but in a whole revolution, cof. CEM, and cof are deffroyed 

* by the oppofition of their figns, and therefoie to get the man motions, the 

terms wheie they enter may be negleded, alfo, fin CEM= and fin. 

CE® = hence, the mean motion of the nodes of the circle : that of the 


ellipfe 


MK' 




AE 


E/r 


AE ‘ EA'. 


MEx^ ■ EA'x^E “ AE ‘ EA' 

929. With the center E and radius Ea defcribe the circle ah, and let that 
• be the circle which' the moon would have defcribed if there had been no 
ftifturbing forces, fuppofing CA'BD' to be the ellipfe which it would 
•defciibe without excentricity, from the difturbing forces, and let the penodic 
tjme in this circle be equal to the periodic time in the circle CABD, and 
confequently equal to the periodic time in the ellipfe, according to the fore- 
going fuppofition. Now the periodic time in the circles being the fame, the 
mean motion of the nodes (9^7) fame 5 hence, the motion of the nodes 

in the ciicuiar orbit ab the motion of the nodes in the elliptic orbit CA'BD' 
EA : EA' . (885) 70 -Cp. 

" 930. Now let us fuppofc the moon to defcribe it’s tiue orbit CABD, in 
which CD IS the hne of quadiatuies, AEB that of fyzygies, aEb the major 
axis, E the earth m thp focus, jF*!? the femi-nunor axis ; M the place of the 
moon, Muj a very fmall arc , and with the center E, defcribe the ciicles mn, 
Fi, cutting the line JV« of the nodes in «, r , diaw perpendicular to 

CD, and Mr, perpendicular to iV«; and let a body levolving in the circle 
Ft, defcribe in the time inwhich Mm is defcribed. Now (8i8)the periodic 
*“ tirne m the circle tFm is equal to the periodic time in the ellipfe , hence (805), 
8 n. a9COUnt*of the equalU;;^ (jf the periodic times, the z.\Ga.MEm • ^Eq, 01 
* ME xmd ^5 X ^q, • the whole area of the ellipfe : the whole area of the 
circle .’eF ea, theieforc md . *: ^ExeF : MExea. But (845) 

die difturbmg forcas at M and ^ aie as MK, very nearly, and thciefore 

. . * H 2 (827) 


Fig, 

2ir, 


f 
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(827) the motions perpendicular to the plane pf the 01 bits will be m the lame 
rratioj hence, (as explained in the laft Aiticle) the motion of the npdes of 
the ellipfe in the time Mm is defcribed . the motion of the nodes in the circle 

M KxMr _ Sjkx^s ME 

whilft ^ j IS defcribe ‘ ^jEx^q md ^7. 

._ML- .. -iSL- . he„«, tte 

‘aieaA^y ’ area ellip area circ. et ea 

j^Qtion of the nodes- of the ellipfe t the mean motion of the nodes of tire 
fnm ofdl the e'icas MEm fum of all the areas ^E f area of ellipfe 
cade ^ -jp — . ZFf - 

area df circle ^ therefore the mean motion of the nodes of .the' 

ea eF ea 

ellipfe IS equal to the mean motion of the nodes of the circle. Hence, if 
(929) we find the mean motion of the nodes for a circular oibir, and diminifh 
it in the ratio of 70 • 69, we get the mean motion of the nodes of the true 
lunar orbit. It appears therefoie that the motion of the nodes is not affedlcd 
by the excentncity of the orbit, as Sir I Newton fuppofed. 

931. The tiue motion of the nodes of the ellipfe at any time : the cotem- 

ME^ 

poraiy motion of the nodes of the circle • , ME'‘ : eFx ea , 

hence, when ME is a mean piopoitional between the femi-major and femi-^ 
minor axes, the true motion of the nodes of the ellipfe and circle are equal. 

932. If we take the nodes in quadratuies and the moon m fyzygies, 

MK, Mk become each equal to AE, and the motion of the nodes = 3«®X 


Mtv 


and they aie regieffive. Hence, if we take = 32'. 56" 


27c"'. 




the 


mean hoi ary motion of the moon, the hoiaiy'motion of the nodes in this, 
fituation will be 33" 10"'. 33"" 12'"" foi a circular orbit, and if wc' 
dimmifh this in the ratio of 70 69 on account of the elliptic foirh of the 
orbit, we have (930} 32' 42". 7"' for the frue hoiary nfption of the nocks when 
the moon is in fyzygies and the nodes in quadtatures. And the horaiy mcTtion 
of the nodes at any othei time this quantity . fin, AEN MlEGx. tin. 
MEN the cube of radius. 

933. As often as any of the fines Ol AENy ME'C, MEN changes frpm 
pofitive to negative, the legieflivc motion of the nodes bec<ames ^piegiefiiv,*, 
and the contiary. Let the fituation of the node^ be given , then"" fin AIEC 
becomes negative when the moon pafles thiough quadratuies X>, and TJic 
motion of the nodes becomes piogicflive , when the moon pafles the node~//, 
the fin, MEN becomes negative, and the nodes become again, regre/ilve. 

. T l-u 
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Thus U appears, that the nodes tre progieflive when the moon is pafGng be- 
tween quadiatuses and the neartft node, and legieffive for the otlier part of the 
revolution Hence_, in one revolution of the moon the nodes aie regreffive. 
When the line of either of thefe thiee angles AEN, MEC, MEN, becomes 

• =o, the* ribde? are ftationary. Hence, they are flationaiy when the fun is in 
the node, wlien the moon is in quadratures, and when the moon is m fhe 

• node, r 

934 The line ofM£iV=fin ME C =?= C£N= Hh. MEC x cof, CEN=p 
cof *MCE x lin.^ CEN — fin. MEC x fin. NEA cof. MEC x cof. NEA j 
lipnce, il NtE= i, the. true hoiary motion of the nodes =3«® x Mip x 

• ^n . MRCf X fin. NEA^ =t= X Mw x fin MEC x cof MEC x fin. NEd 
X cof NEA Now in a whole revolution of the moon, the pofition of the 
fun and node lemaining the fame, the efFedt of the lall tcini will be de- 
flroyed by the oppofition of the figns of fin MEC and cof MEC, the 
pofitive and negative figns of their produft deftroying one another m a 
whole fynodic revolution, hence, we get the mean horai y motion of 
the node in one fynodic revolution of the moon = 3/x Mw x fin. MEC^ x 

* fin. NEA^ Now if the poficion of the node be given, and we fubflitute 
T_i cof. ‘iMEC for the fin. MEC^, we have the mean horary motion of the 
node = 3 * X Mw x fin. NEA * x § - f cof. iME C , and negledmg — ]- col. 
2MEC, the effed of which will be deftroyed in one revolution of the moon 
. by the oppofition of it’s figns, we get the mean horary motion of the nodes 
in one revolution of the moon = I «* x Mw x fin NEA^ Now when the 
moon IS in fyzygics, the fin MEC-=i, and cof MEC = o, therefore the 
horary motion of the nodes is then 3W* x Mzv x fin N EA^ Hence, die mean 
horaiy motion oT the nodes in one fynodic revolution ol the moon is equal to 
half their hoiaiy motion when* the moon is in fyvygies, whatever be the 
poTition of the node. Now w'hen the nodes are in quadiinures and the moon 
in fyzygies; iheir horary motion (932,) is 32'. 42" 7'", hcncc, the mean lioiaiy 
motion of the nodes wherf.in quadratures is 16'. 21" in the elliptic orbit. 
In the hiiculiiijr orbit it is 16" ^5'". r6"". 36"'". 

933 As tin NEA’' = i-i cof iNEA, the mean horary motio n of t he 
nodes in one fynodid 1 evolution of the moon =-2 h’xMw x i-i cof zNEA 
*=|«\x Mw - \ n X Mw ^'cof zNEA, and as in oneTevolution of the fun 
in refped fo the nodes* the laft tei m viull be deffcloyTd by the oppofition of 
it’s* figns, we* get the mean* hoi aiy motion of the nodes =■ 5 n’ x Mir. 
Jf-Ienc?, the ^ mean ’motion *of the moon the mean motion of the nodes .* 
M w • ^ ii’ 'A M VO : . I : I it''. 

936. To get the mean annual motion of the nodes, we inuf firfi: get their 
• • mean 
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mean motion, upon fuppofition that they haci been fixed foi one ie\oluti^ of 
the fun, and then we fliall get neaily the motion of the fun in r'^fpeft to 
the node, and by repeating the opeiation, we may apply collections and 
ariive at any degree of accuracy. Now i « M-w z' the aic de- 

fenbed by the fun in j:he time the moon defciibes Miv, hence, Mw=-, 

fubftitutc therefore — for Mw, in \ n' y Mw (which exprefies the nieairmo- 

tion of the noSes), and xve have ^ nxzf for the mean horary motion ot thS 
nodes, hence, if s/=36o“, wc have \h> 360° = 20° ii|'foi the mean annual 
motion of the nodes, upon fuppofition that the fun had retained thfe fiinTe 
fituation in refpedt to the nodes through the whole revolution, which it would 
have had if the nodes had been fixed, 01 if it’s motion in refpedl to the nodes 
had been 2:'; we rhuft thercfoie corred this fuppofition. 

937 The mean horary motion of the nodes for one revolution of the moon 

is 3«* X Mvo xfm AfC£*Xfin. 'fubftitute — for Mw, and put 

I - 1 cof. ^MCE foi fin. MCE^, negLdmg the cof 2MCE as being dc- 
ftioyed by the oppoliiion of ligns in one levolution of the moon, hence, the 
mean motion ot the nodes foi one icvolution of the moon is - « z-X 
fin NEA’’, on fuppofition that the fun’s motion fiom the node had continued 
the fame all the time as if the node had been fixed. 

938 Now let “w’ssthe motion of the fun in lefpcd to the node in the time 

the fun deferibes z', and the nodes defenbe |Mz'xfin. NEA* neaily, then as the 
nodes are retrograde, u' = z'+|«z'xfi.n. therefoic z'—v^ — ^uz'x. 

fin. i^EA* = v'’ -- I « v' X fin NEA ’ very nearly Subfiitute this for 
z' in I Mz'Xfin. NEA', and we have | «2;‘'xlin. JV£zf“— f «Vx fm 

for the mean motion of the nodes more nearly. Put nsnv zc;'=the motion of 
the fun in refped to the nodes, then w'^v'+l tiv'xiln NEA*—\nW.X 
lin ITEA\ therefore v'= w'- \ nv'xZn NEA% |«*v'xfin N~EA*~w' 
— 5 nw'X fin. NEA^+ 2 ^/’w'xfin. NEA* nearly, the motion cf^thc fun m 
refped to the nodes moie corredly , fubftitute this quantity thei efore fur z ' in 
\nz'xlin. NEA^, and we get |«w'yfin JVE.i 4 *-|«®TO'x fin, 

^2, Y lia NEA^ for the mean motion of-Ae node" fbilp more nearly, 
8 *■ » <' 
hence, the motion of the fun in refped to the node becomes + 

2,7 _ ^ 

fin. NEA^ - 1 n^w' x fin. NEA*+ »’ iv' x fin. NE 4 ^, thus we may pro- 

^ -cecd, 
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ceed, coireftmg the mean motion of the node and the motion of the fun m 
reipeft 19 it, as^far as we pleafe. Now (926) linTlVX?" = f + f cof. 2NEJ, 

the tin. cof. %NEA-\- 1 co(. \NEA ^ the fm. NE 2 ^= ^ + 

— ^ cof zNEA cof ^NEA -f'— cof. 6NEA , &c. and iii a whole reiio- 
32 • 10 32 « 

, . lution of the fun in relpefl to the node,Nthe cofines of iNEA, 4.NEA, 6NEAy 

&c. will be defbroyed by the oppofition of figns , tifeiefore if for the powers 

*’ * * I 2 c 

ofJTEA we^fubfiitute g» we fhall get the mean motion of the 

* nodes -for one revolution of the fun in relped to the nodes, equal to ^'x 

4 ® ^ reprefents the fun’s motion in refpeft to the 

nodes; hence, if we make zo'=x6o^y we have a6o»x ^ i2=4. Hi h3_ 

4 32 128 

18°. iiio' for the motion of the nodes between two conjunftions of the fun and 
the node. If we had gone to another term of the feries, the motion would 
* have Seen found =18“ 39'. Now in this time, the motion of the fun muft 
have been 36o»-i8“ 39'=34i» 21', hence, 341". 21' • 360*- . i8«. 39' ; 
19“. 40' the mean regreffive motion of the nodes in a year, upon fuppofition 
that the orbit is a circle Let us therefore fuppofe the orbit to be an ellipfe 
defcribed bn CD, whofe- axis minor AE .. 69 ; 70 , then (930), 70 ; 
69 ; 1 9*. 40' . 1 9®. 23' .the mean annual regrelfion of the nodes of the true 
lunar oibit. If we had confidered the inclination of the oibit, it would 
have .made the motion about 4' lefs , foi it is manifeft, that the inclination will 
diminifh, by a very fmall quantity, the value of MK , we may theicfore fup- 
pofe the mean annual mot ion to^be 1 9°. 1 9' 


2h the Epatwns of the mean Motion of the Nocks, 

• • 

. 939 * Aliunjing and putting M‘zv=z^ we have the fluxion of the 

motion^of me noefes = - 3 x fm. >1 fin MENxfm. MEC, but 
MEC=cq£ MEAy and fin AEN=rin MEN^ MEA=rm MEN x 
^ epf^ ME A =f ^^coC. MllN x iii]^ MEA , hence, the motion of the nodes 

^~\n^zx{{:\a.,MEN\xcoi' MEA' fm. MEN x cof. MENxRa. 
-MEA X cof MEA = -- 3 x ( i _ i col 2 MEN x 4 + J col 2 MEA q= 
i fin. zMENx I fin. ^MEA) = - } n^zx (i — col. zMENxi+coi zMEA 
’ • - , q= lin. 
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=P fin zMENxfm. z MEJ)=: ^ n^z xXi + coC zMEA -co{ zAJlN-^ 

coLzMENxcof zMEA=p{m zMENxfxa zMEA) Byt — cof zMEA 

X cof, zMEJ =P fin 2 MENx fin zMEA = -col zMEN - zM hA = - 

cof zAENi hence, ttie motion of the nodes = — ^ uzx (H-cof iTALJ— 

cof. zMEN ~co{ zAEJA). Now the mean motion of the fiioon i- to that 

of the fun as i n, snd let the mean motion of the moon be- to that ol the 

node as I . »?, then whilft the moon clefcnbes the angle Z, the fun'tlcfciibj'i' « 

fiZ, and the node mZ\ and as the node is ictiogiade, Z-\-mZ exuiclTcs the 

moon’s motion fiom the node, oi the angle alfo* Z—nZ—\.\\^ mot'dfi 

of the "moon fiom the fun, oi the angle and «Z-(-»zZ=tht inotioi? ol 

the fun fiom the iiode, oi the angle AEN Hence, the motion of the nods* • 

= — I: n^Z X ( I + cof zZ — 2?zZ— cof 2 Z + zniZi — cof. znZ + 2 wZ ) = — 

^ Z — I ii^Z X cof. 2Z — znZ + I lAZ x cof. 2 Z + 2?»Z 1 Z x col 



znZ-\-zmZy whofe fluent is - ^ n'^ Z — % X ; — I x ^ 2Z-2?;Z + 


I X 


i?- 


X fin. 2Z + 2 /bZ + I X 


X fiti 2WZ-I-2WZ the motion of thg 


i + w ■ ■ “ ?;+ w 

nodes. And if X = the diftance Z — nZ of the fun fiom the moon, and 
foi the diftance Z-\-mZ of the moon for the node vve put 5 , then 2«Z-K 


zmZ=S—Xi hence, the motion of the nodes becomes — | «®Z+| x 


n -{-tn 


- I 

X fin, zS- zX + i X — ; — X fin. zS -^4 x x fin. zX But (935) = ^ fi*i 

and the fiift term expreSes the mean motion of the nodes in a circulai 01 bit , 
hence, we get thefe equations of the mean motion of the nodes, J x x fin. 

26' — zX+ \ X — X fin. 2 5 — I X X fin. zX = i®. 31'. 18" x fin. 

2S-2A+7'. ii"xfin. zS-f, 49" X fin. zX, and if ‘thefe be ‘diminilhed 
in the ratio of 70 : 69, we get the true equations, Ji®. 30'. i"x fin. 2 l> — jX+ 
7'. 5" X fin 2S-7'. 4a"xfin zX , - ' 

940. The moon’s motion being here alTumed Z, if for Z we fiibflitute 
{i'ld)Z- 2WX fin. Z, which is \ery nearly the true metion, and for Z we 
put — zwx cof Zv Z , then the fluxion ol the* mean motion —% «*Z’ be- 
comes — f tl'Z + i fizv X cof. Z X Z = (as T=nZ') — %rnxAr +,1 x cof. ^ 
X Z, and to find the annual efFeft, we muft multiply this-qualltity 

by I — 3 fxcof. T, hence, the fluxion of the rfiotion c?f the nodes* fro*m 
thefe caufes = — | m 2 ^ 4 - 1 x cof. ZxZ + |«cx cof. TxT nearly, -whofe 
fluent s=- 5 «T 4 -|«*wx fin. Z-b | x fin. T5 and the mean .motion being 

— k 
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-I the equations become ftfwx fin, Z+ f ncxfin, r=i', 35" x fin, Z 
"bP’ 43, 1 ^ tiij, and thefe dimunlhed in the ratio of 70 ; 60, give i', '>±'^ 
H fin, Z + 9 . 35'’^ x fin, T for the true equations. ^ 

941* ^To correAthe t hree equations found in Art. 939. to coned 

I x’c(?f znZ-^zmZ, For Z write Z- awx fin Z, and foi Z fubfutute 
Z — 2W X coC Zx Z , alfo, for the motion of the fun nZ fubflitute a more 
- corr^ .value nZ-’ zcxtm, nZ', and multiply the whole by i — 3^ x cof. «Z, 
bein| the difturbmg force at any diftance i + rxcof. ^' (Spi); hence, the 
hTjove equation becomes | Z' x J-awxcol. Z x T^^e^coi, nZ x cof. 
a;i?Z+awZ-4fx fin. »Z} multiply thefe quantities together, and negledt 
fhofe iqrms in which the produd wc enteis as being verv finall, and we lhall 
get the following quantity, | n*Z x 1 - aiox col, Z-3f x col nZ x cof, 
gaZ + 2wZ - 4c X fin nZ } but cof, ZBZ 4-aCTZ-4f x fin. gZ' = cof 
a»Z + 2«^^-h4^x «Zxfin. 2 ?iZ 4 -awZ nearly, becaufe the cof of 4c x 
fin, »Z IS neaily unity, hence, (negleding | x cof IwZ+I^ found m 
Art. 939.), the conedion bcconaes | «*Z x -zwxcol. Z-3fx cof nZx 
•cof JiitZ + z mZ-^zn'^i x fin. «Zxfin. 2«Z-|-2»;Z neaily, =-*|«‘wxZ'x 
cof Z X cof zn Z-\-2mZ- & n *c x Z x cof Z x cof znZ + zmZ'+ 3 «V xZ x 
fin «Z X fin. zttZ + zmZ'i but cof . Z x cof ~ZttZ + 2mZ' ^ f cof. 
znZ +zmZ-hZ+ ^ cof znZ + zmZ - Z j and cof «Zxcof zaZ'-i' zmZss 
'' I 3»^ +2mZ- hi coC.nZ + zmZ, alfo fin nZx Gn, z»Z+-ZftiZ =» ^ cof 

nZ + zmZ- I cof ^fiZ+zmZi fubftitute thefe quantities, and colled the 
like terms together, and the fiuxional coriedion becomes, -• J ;/*wZ x cof 

znZ-^zmZ-^Z- 1 «‘wZ x cof znZ + zniZ'-Z~^~n*cZ x cof J/iZ+z^ 


, ^H^cxZx cof nZ-\-zmZ, the fluent of which is - 1 f,^w x 


X 


gw + a'i/f I 

fin. 3?iZ 4- , 

, 3?/ 4 zpf "b B r X 

fin. ,Z + ^ ^ 2 + j ^ 


*b i «* w X ^ 

I a « -'-^w 8 


« + 


1 + 2 // 


T^in " ” a<S-'aJC+ r+ ■! //rx fin*, -zA’ - 2^ very 

. 2A+r+i.3,8 X which two lafl. diminiflied in the 

mioof yo 1-69, give fin, - ^IX+ Tq-i^. a/'xfin ITZTx 
the fmaller cquattejij it^js unneceflary thus to reduce, ^ • ' * . j 

f O^u il, * j 


942, SecQK^fy, 
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942. Secondly, to correct | m ®2 x cof 2Z^2»7Z. For Z wiite Z - zrv n 
fin. Z, and for Z fubflitute Z—ziti xco{. ZxZ, and mul tiply the wlio le 
by I - X cof ftZ, and the equation beconieb | x i — 2zox col. Z x 

I -3<rxcol. nZ X cof. 2Z+2;»Z- 4WX fin. Z , proceed now exaftly th e fame 

^ lui 2S -f- Z 

as 'xn the laft operation, ..and we fliall get the corredion= - « w x — - 


-f I X 


fin 2 S — Z 

I + 2 ?» 

II 


• — I trc X 


fin 25 + r 
2 +n+zm 


fin 26’ - / 


- I «® f X , 

* 2 — « + 2 


- = — 45" fin. 


25 + Z+45'"xfin 2 6'- Z- ii"x fin 254 -Z-ii"xfin 26V2.^ 

943. thirdly, to^^corred — ^ «®Z xcof iZ — znZ. Foi Z wiitcZ-i-atyx 
fin. Z, and for Z fubftitule Z — zttrx cof. ZxZ, and multiply the whole by 
I — 3fxcof. mZ, and the equation becomes - | Z xi-2ccixcof. Zx 
1 — 3 1 X cof. 11 Z X coC 2Z — 2«Z— 4wxfin Z, proceed now in the fame 

I ® fin 2.^f Z ^ j 

manner as before, and we get the coiredion= -^uwx — + 4« w x 


fin Z ^ ^ fa , Z’" / g = - 53" X fin. +' 


2-3« 


z—n 


2 - 3 » 


4y"xfin zJ^+Z+ia^xfin. .ST+Z+iz" x fin A^'-Z. ‘ 

944. The pi in cipal equation of the nodes is |«xfin 2«Z+2?«Z (939); 
therefore a moic coircd value of zmZ (twice the motion of the nodes) is 
7,tnZ~inx fin. 2MZ+2///Z, the equation being fubtraded, becaufe the mo- 
tion 2«Z of the nodes is ictiograde, and this equation is additive, 01 to be 
applied accoiding to the ordci of the figns Sabftitute therefore thisyalue 
for ztnZ in } ff'Z x cof. znZ-{-zmZ (which is the fluxion pf the principa l 
equation) and it becomes % n*Z xcof [zhZ-^zitiZ - % sxfin. z nZ + ztnZ) , 
and omitting the equation already found, the refult is | ?i®Z x « x fin zw Z + 2?;iZ‘ 

= ^ »’Z' X I- I col 4»Z4-4 wZ= — «®Z - ^ fZ x cof. 4 « Z' + 4W Z, 
whofe fluent is p ^ x 


4«Z+4?«Z, hence, the equation is - x fin.^4«Z4-4wZ= — 1 23xfin. 

4S-4A, which diminiflaed in the ratio of 70 : 69, gives"- i-. i 2".xfin. 4 ^ 4 ^< 
945. The quantity «*Z, found in deducing Ahe laft^equation,''cqiitinu- 


ally increafes as Z increafes, and is therefore a corredion of the mean rviotion 

^ . c >* •L n 
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— I n^Z before found ; hence, -a more corred value of the mean motion is 

-a 

** n (9 


— ^ ^ 

Hedce, the equations of the mean motion of the nodes are, 



. +1*. 

30'. f' X fin. :^S — zX. 

n ir« • • • « 

• + 

7. 5 X fin. zS. 

^ " jn 

# 

7. 42 X fin zX. *' 

. , IV 

• + 

1 . 34 X fin Z. 

. V 

. + 

9 35 2^' 

VI. . 

. — 

0. 41 X fin zS—iX+Z. 

VII. . . . 

. + 

0. 55 X fin zS—iX—Z. 

viir. . . 

— 

3. 45 xfin. zS-zX+T 

TX. 

. + 

1. 37 X fin. 2S— aX— T'. 

X 

. 

0 45 X fin. 2S-t-Z. 

XI. . . . 

. + 

0. 45 X fin zS —Z. 

xir. . . . 


0. II X fin. zS ■\-T. 

XIII. , . . 

, — 

0. II X fin. zS - Z".' 

XIV. . . 

. — 

0. 53 xfin. zX-Z. 

XV. . . . 

• + 

0 47 xfin. zX+Z. 

XVI. . . . 

. + 

0. iz xfin X+'Z. 

XVII. . . . 

• + 

0. 12 X fin. X-~ Z. 

XVIII. . . 

• • 

• 

I* zz X fin. — 4'^* 


. On .Variation of the hclkatmi of th Moon's OthiK 


946. Let NN' be the horary motion of the moon’s nodes , draw Mk pcr- 
pendicUlai tp Nhj and Mx perpendicular to the ecliptic, and draw xks^ 
join Wj, and diXw kv pcipendicular to Ms-, then the angle sMk is 
^ the„ cotemporary vaiiatioh of the inclination. Now t*he angle ; sMl 

sk "jI u ■ * I " ) 

JA’- k M ’’ 7 e ’ k‘M ^ ^ MEN. Now if ihc 

, angfe MEiv^t, the niotion of the nodes (927) is x Z* x iin. AEN 
/>/£C X fin. MEN', hence, the cotemporary variation of the inclination is 

^ 2 Sn*sZ 
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^n^sZ X fin. AENxcq(, MEN x cof ME A Now cof. MEN = cof. 

rMTC^CEN=zQ( MEC xcoC C£iV=±=fin. MECx^m. CEl^ = co{ ^MEC 
X fin. JEN M EC x co^. JEN , hence, the fluxion of the vaiution of 
the inclination is yf'sZ x fia. AEN x fin. MEC x (cof. MEC x fin AEN =!= 
fin. MEC xco{ AEN], now in one {^'nodic revolution of the iroop, cof. 
ME.C will be deftioyed^ therefore the fiuMon of the mean variation foi that 
tinie = v**'^-^* ^ A EN X coL AEN X iin MEC' = Z x^a, AEN xcoL 
AEN X I - I col. o.MEC’^ (foi the mean of one fynodic levolution) “ x 
fin. AEN X coCfAEN * Now the mean motion of the fnoon (Z ) • thaC of ' 
the fun 2139 • i6o, and (938) the mean motion of the Tun-" it’s mearr 

motion an m refped to the nodes :. 341.3 360, hence, Z = — 

X AN= 12, 6S X AN , therefoie the fluxion of the mean variation of the in- 
clinatioDj as the nodes move fiom quadratures to fyzygies, is 5 x iz,68 x ti^s x 

an X fin. AEN x cof AEN = 1^,02 xtf'sx fin AEN x fin AEN, whofc 
fluent IS 9,51 X n^s x lin AEN =16'. 24" x fin AEN*, taking 0,896 it’s 
mean value. This is for a circular orbit , diminifh it in the ratio of 70 : 69, ^ 
and It becomes iC' io"x fin. AEN"". Hence, the mean variation of the in- 
clination vanes as the fquare of the fine of the llin’s diftance from the node. . 
When AEN =^o°, the mean diminution is 16'. 10". This is the mean foi; 
one 1 evolution of the moon when the nodes come into quadratuies, it’s half 
theie foie 8’ 5" ’ is the mean vaiiation from the mean inclination of the orbit. n 
■Now fin AEN’^ = i — § cof zAEN. Hence, the mean vai lation = 8'. 3"— 8'. 5" 

X cof 2 AEN, which fubtradled from 8'’ the mean vaiiation from the mean 
inclination gives 8'. 3" x cof. zAEN, the quantity to be applied to the mean 
' inclination in order to get the mean inclination for one revolution of the moon 
at any time. 

947. Now when the nodes are in quadratures, the fluxion of the vaiiatioN 
is jifiZ' X fin. MEC X cof. MEC (the fin. AEN bemg pnity) x 

fin. MEC X fin. MEC, whofe fluent is | x fin MEC = fafluming 
r = ,o87t the fine of the inclination at this time) 2' 31" x fin MEC'- hni 
tins mull be mcreafed in the latio of the periodic to the fynodic "revolntion for 
the reafon in Ait 867 hence, the variation = 43" x‘fin 7 M£C* for a 

cncular orbit, which diminifhed in the ratio of yef : 69, gives 2'. 40",^ x 
fin. ME~C for the vaiiation of the inclination, jtjeneg, vthen the' moon 

' ^ r' T' 

« HI. 

* Hence, the mean rariatioa of the incUaation is jxfin. uf^'JVxcof AEN, or as ixfin. zASN 

from which Sir I Newton, Pi. 35, Lih. 3. dfdaces his very elegant Chnfcuftiok for fiilding the’ 
incliimtion at any time. ® 


. m 

ON THE THEORY OP' THE MOON, 

in fyzygies, the variation = 2'. '4o",j is the diminution of the inclination 
in the tranfit o£the moon fiom the nodes (in quadiatuies) to fyzygies , the half ^ 
of which i'. 20" IS the vaiiation from the mean inclination in that time. 
Hence (946'', in the tranfit of the nodes fiom fyzygies to quadratures, when 
the modn‘’is m quadratures the vaiiation of the inclination has been 16'. 10" 

-- i'. 20"— 14'. 50", and when the moon is in fyzygies? the vaiiation has bten 
i6'. lo^'d- 1'. 20" = 1 7'. 30", therefore if the inclination be 5° 17' 20" when 
the ’fiodes are in fyzygies* the leaft inclination becomes 4“. 39', 50", and the 
fneah =^5". 8'. 35". * 

9 


T J find the Equations of the Variation of the Inclination of the Lunar O; bit. 


948. By Art 927 the fluxion of the motion of the nodes is 3?i®Z x fin, 
AEN X fin MEN x cof, MEA, but (946) the motion of the nodes the 
cotemporaiy variation of the inclination . fin. MEN : s x cof. MEN , 
. hence,' the fluxion of the variation of the inclination is in^sZ x fin. AEN x 
cof MEN X cof MEA. bJow, writing the fines and cofines with then proper 
-figns, when the inclination is diminifhing this fluxion is pofitive* and when 
the inclination is increafing the fluxion is negative, theiefoie that it may be 
pioperly applied, it’s fign muft be changed. But AEN =s:MEN=f^MEA, there- 
- fore fin AEN=aa MEN x cof. MEA MEA x cof MEN, hence. 


the fluxion of the vaiiation ©f the inclination= —^tfsZ x col MEA^x fin. 
MEN X cof MEN =p cof MEN^ x fin MEA x cof MEJ = - 3 ii^sZ x 
{ 4 + i coj zAI^bA X I fin zMEN =p i + i cof zMEN x J fin zMEA) = 
- 1 Z X (fm zMEN =f: fin ^zMEA + fin zMEN zMEA) = - | 
x.(fin zMEN fin. zMEA + fin. zAEN) Now this is the fame ex- 
preffion as^that for the motion of the nodes, except that we haie heie the fines 
of the angles infteaj of the cofines , therefoie making the fame fubflitution 
heie as 111 ^Art 93 9. we.get th e fluxion of the variation of the inclination 
= -| (fin. 2aZ+ 2)wZ 4-fin. 2Z + ztnZ~fm. zZ-ziiZ), whofe 

fluent is -\n’s>x zuZ + zmZ ver. fin. zZ + zmZ ^ 

L zfi-i-zfn z-^zm 


ZH+zm 


‘■.cr fin 2Z aaZ ’l ^ , fi-cof 2.xZ~\-zmZ I -coC zZ -i-zmZ 
J- +. 


2 — 2 » 


^ ijcaC.zZ-u.Z 'l 


J 


2 -hzm 

3«*j 3M*j 

t” o o .. ”r 


8 + 6« 8-f6M®~8-8a 


3«r 
8 + 6 « 
X cof. 


z — zn 
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xcof.IT::S+3-f^^xcof.2S- g^S-^xcof zX, and the three cqxu- 

tions are 8'. iz^x cof. z5-zX4- 39" x cof. cof. zX, which dim!- 

Bilhed in the latio of 70 : 69, gives 8' 5" x cof. 25 - 2X+ 3*^1" x cof zS 

— 41 5" X cof zX for the true equations. And the thiee contcant qcrantities 
Ihow that the mean inclination of the orbit is lefs than it would' have been if 

there had been no difturbing force. ^ ‘ 

949. To coiredb thefe thiee equations. Ftrji, lctus_take — J nsZ x 
2uZ + zmZ, in which, for Z wiite Z - 2w x cof Z x Z , for nZ write 

— zf X lin uZ, and for zwZ wiite zwZ— |«xfin znZ + zmZ^ which is 
the corrcdion of the motion of the node by it’s principal equation (930 Jr anci, 
multiply the whole by i*“ jr x cof. uZ, for the reafbns already given in 
Art 941. and the equation becomes - | «*'jZ x i - ztei x col Z x 
1 -3f X cot hZ X fin {znZ + zmZ-/\.c x fin. «Z-| « x fin. z«Z + zmZ] j 
but fin. (z«Z +• zmZ — 4 c^i fin. «Z - | « x fin. znZ +• zmZ) =: fin. 
zkZ + ziwZ — cof. znZ + zmZ x 4c x fin »Z-|-| « x fm z;iZ+-z»/Z nearly,^ 
becaufe 4c x fin. uZ + i n x fin. znZ + zmZ being finall, it’s cofine is ne^ily 
= 1, and we may put that quantity itfelf for it’s finej make therefoie this 
fubfltlution, and acStually multiply the quantities, and rejeft —^n^sZi xfin.' 
z«Z+2 wZ which is the equation to be correfted, and we get the fluxioiuil 
corredion = j n'^s'wZ x cof Z x fin. 2 ;zZ4-z/«Z + 1 «*rtZ x cof *Z x fin. 

%nZ 4- 2»iZ + 3 c i x fin. nZ x cof 2?/Z + zmZ 4- s Z x fin. 

zhZ "t” zwZxcof znZ 4- z iw 2 neaily, — rwZxlin. zz/Z -h zwzZ^b'Z 4" 

2,1 . — 

^ «*rz£iZ X fin. zziZ 4- zwzZ — Z + « jcZ x fin. 3«Z-t-zwZ-- j w’rrZ x 

fin «Z 4- zmZ 4- ~ «*jZ X fin. 4«Z + 4 otZ, whofe fluent is } «*j w'x 

32 


ver fin zizZ +■ 2»;Z 4- 2?iZ + 2z»Z - 2 , 22 1 

— 4 - f zz S 7 V X h IT zz 

I4 2ZZ4-2ZW zfi + zm’-i o 


sr 


ver 


fin 3 « Z -I- zm Z 
3/14-2 ZM 


, , ver fin, nZ 4- zmZ rq 
— “ zz®rf X ' -J- — ‘’Z 


h 4 -zm *» 


- 4 - ~ z/z f 
3-1 


If!* ^ ^ =(by fubftituting i — cof for ver. fin ) ; x — ci. ] -- ■ 

4)i4-4zzz ° . 1 1-2ZZ 

0 ^ , — — r — 

•; — ~ 4- \ nu - I zzji 4- —Q «’-f“ix7TT-xcof 2wZ4-zwZ-l- /H-;^ 

I — i.;/ iZo 1+2 w ^ * 

tf 

^ - i — 0 *\ 
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•JX 


ffs 

I - zti 


X cof. znZ + ztnZ—Z— I use x coC' ^nZ-i-zmZ + | use x cof. 


uZ-r2.r.iZ- ~ )fsx cof 4«Z + 4wZ, but the five firft terras are conftant , 
120 

and the I’e’fore 'only afFcdl: the mean inclination, and the laft five evprefs the 
coireftions the afifnined equation Now 2fiZ + 2 -fnZ-\-Z = 2S — zX-\~'Zi 
znZ + 's:mZ -Z = 2S — zX- Z, ^uZ-\-zmZ = 2S- zX+T, nZi-zf/iZ -zS 

— z^Z—T, and 4?tZ+4«iZ = 4S — 4X5 and by fubfi-ituting for «, zv, c and s 

thfii v^'lues, we gef thefe equations, Si" ^ zS — 2 X~-{-Z x cof. 
'z 6 -zX-' 2 - 2 a I" X cof l 5 -aX+r+ 8 r x cof. zS-zX-T- 7 cof. 
.46 It IS unneceffary to reduce thefe fniall equations m the ratio of 

yo 69 

950 Secondly^ to coiiedt - 3 : x fin. 2Z4-2MZ For Z put Z- aw 

X fin Z, and tor Z wiite Z —zwx cof Zx Z, omitting the othei corieSions, 
as the efiefts which, they here produce are very fmall , hence, the quant ity 
becomes — I -t -2 X I — 2 w X col Z x fin (2 Z+z « Z — 4 to x fin. Z) = — 
f^sZ X I — 2 w X col Z X (fin 2 Z-^z mZ — 420 x fin. Z x cof. 2 Z4- 2 niZ) 

— — 2 fd' s Z X i — 2 zv X CO* Z X (fin. 2 Z+2?»Z — 2 w x fin ^Z+zmZ;-i- 
zw X fin Z4-2»/Z), and neglefting - J fdisZ x fin 2 Z~-+z mZ which is the 
gvven quantity, and alfo thole terms wheie w* e nters as be ing very fmall, w'e 
get the fluxional coneiSlicn =|»®wxZxfin. 3Z + 2_^«Z - 1 a* wxZ x, fin, 
Zd-2?«Z+ I ti^zvsZ X cof. Z X zZ-\-zmZ = ■? n^nn sZ x fin^ 3 Z 4 - 2 aiZ 
-3 n*wsZ X fin. Z+ 2 «Z+|«*wjZ x fin gZ + aaiZi- \ n^zvsZ x fin 

Z -f 2 /7i Z, whofe fluent is \ x 


I — cof. 3,Z -j- 2 ?a Z 


1 - cof Z-|- 27 wZ 


• I U ZVS X 

4 


i-t-cof '5ZH-2WZ 


3 + 2 


+ 1 a‘ ws X 


— I ?i®ze?x X 


I— cof Z4-2azZ 


I + 2W V,.,, 1 4-2a; 

= § n^ws — I 1 a®wx — J n^zvs — | a “toJx cof 3Z4 zmZ \ n^ws 

X cof Z + 27 aZ - I n^ws x cof. 3Z 4 - zmZ — - if"ws x cof. Z + 2WZ = 
(omitting the conftant 'quantities which affedt only the mean inclination) 
— % s -x co{ 3Z + 2azZ+| «*2yj X cof Z4-2?»Z= -4|"x cof ‘^Z-^zmZ 
4-4J"'x cof. .^ + 2«Z= — 4|"xcof ah' d-Z 4-41'' X cof. 2i'— Z, the coiredbons 
fequired. 

.. 

_95i. I^htr-dly, to coireft 2 a*xZ x fin. zZ—zaZ, For Z put Z—zwx 

fin. "Z/ and for Z put Z - 2 w x cof. Z x Z , and the given quantity becomes 

I n^sZ x~i — zwx cof. Zxfin {2 Z — zn Z— ^wx Hn Z) = |»*jZ x 

i-zwxcof. Zx(fm. 2Z- 27/Z'-42yxfin. Zxcof. zZ — znZ] = in^sZ x 
* 

I — 
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thcrcfbie the Incliiirtion r. the leaR poffibL, co-ilequcntly the lu 'an inJinauou 
' has d^creaied fiom the time the faa leaves the nodes till it comes into qualu- 
tures Now from the time the lun leaves qnadr,' tmes till it comes to the nett node, 
the cofine of zH — zX inc.-cnfes fiom — i to -[-i, coniequcntly the inclination 
increafes foi that time, and then beconacs the fame as it was '/Iw.i tycRun left 
the^pieccdin^ node "VVe have here conlideiccl the inclination without any 
icfcronce to the place of the moon in ii% orba, which, as appui.s fsum the 
other equations, .vj]! aaTift the inclination, the inclination hcie mcnticflied 
muR theiclorc bp coo' den.d as nea b fl 2 pkj'i inclination foi a rc\oliid'on of 
the moon I fence, t'vioL \ ciiuion in ihe tienlit of the Ion fiom the nodey 
to tiuadiatuics is tl"S chfFerciicc bea-.een - ii'. 5" and H 3 '. 5", or 16' 1-0" as 
before Hated Sir L Newton makes it 16'. a ciiciilai oi!.a,Nslucli ' 

diminiRied in the latio of 70 69, gives 16'. yf". The othci Imall ceputons 

have alfo thcir periods, 111 which they return to the fame quantity l-Ience, 
tlic mean inclination lemains conflant. 


Tcj reJpce the Place of the Mbon tn it's Oibit, to the EdtpHi. 

9*^7 fpheiical Tii gonometr y we have, tan iV 7 '= cof. JV x tan Afil/ = 

\/ 1 —1® X tan NAf— i — 1 a " X tan JVih/, hence, tan. V A! A 1 

-|j*xtan NAt <\n NTi/r 

. + . - 4 r> X Fln'-JV j-i* = NM " 


= “ J X fin. NM'< cof. JVil/ nearl}^, = - 1 x 


I 1* X fin. NM X cof NM 
1-ij‘fm NAr 

■fin. zNMf and as NV— NJM is veiy Jinal], wc may confidei this quantity as 
expieffing the difference of the two arcs. Now the moon’s diflancc fiom t he 
node = 5 - J- « X fin aS - zX ncaily, the latter fcim being (939) the principal, 
equation of the nodes , and if we coiiedt the value of S by the piincipal equa- 
tion of the centci - ate; x fin 2 , wt get a more coiicdl ’value of iV df = 
S— awxfin Z—\ «xfin. zS—zX, alfo, if wc coiielR the value of j by the 
piincipaJ equa tion ■; m x cof. zS — zX (9^8) of |he inclination, it becomes 
s-{-~ sii X coi zS—zX, hence, iVF—JViV/ becomes = fin. (a fin Z 

- b 8 X fin zS - z 7 h) - J j* _ i sn x cof zS - zX) nearly, = (fin. zS~ 

*» , 

4 'twxfin. Zxcof, 25 - iaxfin 25 - 2 -Txcof zS)x-{-\s^ — —s/ixOoC. zS-t~z>X) 
= - X fin. zS+ X fin. Z x cof x fin. zS x cof. 2 S-zX+ 

^ •54 

16 sy 


t 
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• . 

X cofl 2^ X fin, 26' - 2 Y nearly, =• — ^ s' < fin. 25 s'v' y fin. 2S + Z 

-Xs'tv y fin, 4 fin. 2X==-6'. 54"x fin. 2S + 46'' x fin. 

■» 10 

• • .- ^ 

aS+'Z- 46" X 2.9 - Z- 23'' X fin, zX the leduJiou. 

« • • 

9^8/ Hence,* we may reduce the equations (921) Tor the longitude upon 
the moon’s orbit, to the longitude upon the ecliptic, by applying the fiift, 
*thir 5 a«d fourth equations to the equations X V . XVII. and,VI, having the 
■^ame aigtinlents*, and adding the third equation, hence, we get the following 
^•fequatlons of the moon’s longitude upon the ecliptic. 


I 

-6”. 

17'. 3a". 

7 fin Z. 

a , 

+ 

13. 0 

fin 2Z, 

in .... 


9 ' 37 

fin. 3Z. 

IV. ... . 

- 

i6 26 

fin. 2X- Z. 



3 - 52 

fin, 2-Jik + 2* 

VI 

. + 

40, 18 

fin zX. ■ 

VII 

+ 

55 

fin. r. 

Vltl. . . . 

+ 

I. 47 

fin. z-r. 

TX 


I. 47 

fin. Z+f. 

* * A /* f 

-- 

I. 6»3 

fin. 2X-r; 

XI 

— 


fin. zX+r. 

XU 


0 la 

fin. 2Z - zX, 

XTII 

4 

0. 2,1 

fin, 4^ ■” 4-^’ 

* xrv. . . 

— 

O' 49>3 

fin 4X-Z. 

XV • 

• 

4'^>5 

fin. 25 

XVi 


t. 28 

fin. 25-- 2X. 

XVII. ’ . . . 


I' 15 

fin. zS-Z. 

xviii. . •: . 

+ 

0. 46 

fin. ^+Z. 

.xix. . . 

4- 

2. 12 

fin, zX-Z- r, 

XX. .... 

+ 

2 - 3 

fin. zX^Z^T. 

XXI. . . .. . 

4 

0. 8 

fin. 2 JST, 

. XXIl, , 

- 

0. 12,5 

fin 25— 4X'. 

XXIll. 

- 

0. 29 

fin. 4X— 25— Z. 

XXIV. . ! . 

• 

— 

0, 6,4 

fin. 2 X+Z-r, 

XXV, . . . 

— 

0. 6,4 

fin. 
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Ojj the true Place and dilation of the Moon's Apo^c?, 

9 59 Let N be the mean place of the moon’s apogee coneftedrby it’s annual 
equation, Nu the major fixis of the moon’s orbit, E the earth, JF’ihe center of 
the orbit, El, EK the greatefl. and icaft excentricity, and with the contei F 
and radius FI dcfcribe a circle ICKB, and draw AED perpendicular to Nn, 
draw ES towdj;ds the fun, and make the angle IFH^ssiNES, ancf draw’ 
EHN\ and it giYes (909} the lituation of the apogee coriedbed by-it’s annual-' 
and iPs gicat equation. Hence, when the fun is in the apogee N, N' coincides , 
with iV, when EN' becomes a tangent to the circle at C, FHE beccTmes a ' 
Tight angle, and 2 V'' is then got to it’s limit, when the fun comes to quadia- 
tures at A, H coincides with K, and N' with iV, as the fun moves fiora 
quadratics A to the peiigee «, when becomes a tangent to the circle 
at B, N' gets to It’s limit on that fide of N , when the fun comes inio 
fyzygies at n, M then coincides with J, and 2 V' with 2 V, and the peiiod of the 
equation is completed. The lame takes place whilfl the fun moves from l}'/y- 
gies at )i to N 

960 By Art. 909. the principal equation of the apoget is the angle HEF, ' 
now in that mangle, we know EF, FH and the angle EFIT, which is the iiip-- 
plement ofHFJ, 01 twice the diftance of the fun fiom the mean place of the 
apogee co iicded by the annual equation (qoq) , hence, EF+ FH FF-FH 

tan. i FHE+FEH tan. § FHE-FEH, and if we take EF • FIT :: 
5505 ■ 1 168 according to Sir 1 . Newton, the log of EF-FH-\og of 
EF-{-FH- -0,1871317 , hence, if from the log. tan of i, PH E-{- 1 EH we 
fubtrad 0,1871317, we have the log. tan. of l.FHE- FEH,*d.ad this fuh- 
traded from the third term leaves the angle HEF, and thus a Table of tins- 
cquauon may be very readily conftiuded. This equation of the apogee added 
to it’s place as correfted above, whilft the fun moves from fyzygies to’quadia- 
tures of the apfides, or JuhtraSied whilfl it moves fronT-quadratuies to fyzygies, 
gives the place of the apogee correded by the greats equation The. following 
Table of this equation and of the excentiicity of the moon’s orbit Is taken 
from Dr. Halley’s AJironomteal Tables, the argument, called the Awiml 
Argument, the diftande of the fun from the mean Jilace of the apogee cor- 
xeftedby it’s annual equation. ^ - 


A^TAgLE 



A TABLfe OF THE GREAT*EQTJATION OF THE MOON’s APOGEE, 77 
AND OF THE ECCENTRICITY OF IT’s ORBIT 


Sig O VI -h 


Sio I. VJI + 


Sig. n VIII + 


Ann CquitiOijof Excentn Equation oi E\ceutii Equation of Excentn Ann 
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78 Off THT. THfcORY OF THE MOON, 

g 6 i, When £// becomes a tangent to tlie circle, the equation then becoiULS 
*■ a inaximuni, and this is found by faying, Ejr . jrjj ; lad : fin, HEF , afic' 
that, as the point i/ appioaches ^ the equation grows Icfs, and the ,pogee, 
fo fill as It’s nioUoii aiifcs fiotii this equation, goes backward, and iheuico 
when this ■velocity becomes equai to the mean piogie/iivc veldciu/, they w'lli 
deftioy each othci, andr the apogee becomes llationaiy. This pofition of Uk 
apogee might be detcimincd by making the fluxions of thefc tvm engubr , 
motions equal, but futif a method would be veiy tioublefoino in piaAticCj 
and it can bcdpnevciy leadily from ififpedtion in the Table, by the 
of tiial and ciroi. The mean motion of the fun in a day is and ilir^' 

mean motion of Lhe"apogec in a day is 6'. 41"; hence, in a day the fun leccdos' 
5a'' 27" from the mean apogee, confidenng the fun as movipg'wiih it’s moan' 
motion, which will be fufficiently accurate foi the puipofe ioi winch it is b.tio 
wanted, in the time therefoie that the fun lecedos i" fiom the apogee, the 
apogee has moved y' 43". Now fiom i'' aS“ to i’. 29“ of aigumeiit, the uio 
tion of the apogee (from the equation) has been letrogiadc y\ 14", and iroiu 
1’, 29® to 2‘ the motion has been 8'. ly", he-nce, the legicfllvc motion iii'iil 
have been equal to the piogienTnc motion fomewhere between i". 29” abd. o"*- 
of aigument. By trial and enor therefore u is itadily fouird, that with ilu 
aigument 29°. the motions become equal, and this will appc.u by ’ 

computing It’s motion lor a very fmall increafe of argumeut, and compaiiiig i'* 
with the cotciTipoiary mean motion Now the equation to the aigument 
i‘ 29“. 23' IS ii». 42', hence, i‘. 29“ 23' -11“, 42^=4 4.1' the clilUiice, 

of the fun from the />«<? plate of the apogee when it becomes fl.ai!ona,r Iroiu 
the efled of It’s greateft equation, which mud be veiy ncui <he tuic chtluncc, 
as the othci equations winch affedl it’s motion are veiy fmall. In the palfa''',e 
therefore ot the lun fiom about 47*. 41' before it comes to the apffJe, to' if 41" 
beyond the apfide, the apogee is piogreffive , and from 42“ 19' bcloie llie 
fun comes into quadiatures, 1042”. 19' beyond quadratuusJ^ the a.H- ce n 
regreff’ve r : " 

962 In half a da)'-, the fun, moving with it’s mean iliotion, leccdes 20'. r \t; 
fiuiii the mean apogee, and with that argument jthc^ fun being f,, 
ihc mean apogee) the equation is bund to be 9 12", hence, in oue'dw wlu'li 
the fun paiiLs thiough rlic apogee, ii’s piogicflive motion hasrl;een i8' j ("lioiii 
(he cquauon, to waicJi .^dd V the mem motion of the apog'c in ibj fii -nc 
time, and we have 25'. 3" !or the progtclfroc motion of rhc,ipt,g,o ju a tuy, ' " 
whiia the fuu pafles (liiough the apogee. Thp faPne is true vidieii Uic fu:t 
paflls through the perigee, When the fun’s diRancer fiom t^o apogee Is oo"/ 
the equation in half a day from thence is 14', ii", therefoie in a day Whilfljho 
lun p,ides through quadiatures, the equation i& a8'. 2?/, giving that regicflive 

morion 
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motion to the apogee, hence, 28* 22"- 6 '. 4i" = 2i'.4i "* the u’pej^ve mo- 
tion of tfee apo^o in a day when the I'un pilFes it’s quadiatu cs It appeals 
then flora thctc twp Articles, that the piogicCive motion of ilie apogee in 
fjrzjTgies IS gieatei dun the icgieffive motion in qiiadratur<' , and that in a 
whole ravoluiicSi of the fun in itfpefl: to the apog.o, it is pro’peffire foi a 
longci lime tlmn it is icgieffive. This is the meaning of wha.. Sii I NrwTdN 
has delivfcied m Cor. 8. Pr. 66 L’b i He fays, MuiifeHum cfl quod aplidcs 
in fy^’-giis fuis, pcrviin ab’uitum, progredieiitur \cl6cius, inquc quadraturis 
ftjis fardius recedent *pei Min addititiam, Ob diutuinitatera \empoiis, quo 
■^Socitas progrcfltis vel tarditas regiellus continuatur, fit htcc inequalitas Igng^ 
maxinlti It niuft be ackno' Ldged, ho\/e\ei, that what he* has here advanced 
is no immediate coulequencc of any thing winch he has bcfoie mveftigated 

963. Some of the piincpal equations of the moon’s, motion (349 . . 3^4) 
wcie difco%Lied by obhiVdUyiij but Sii I. New ion having found that the 
moon was ictiiivd iii it’s 01 bit by afoice, whith, at dilfcicnt diftances from 
Idle eaith, vaned iiivcifjy as the fqtuie of die dulante 1 , and concluding flora 
analogy that the fame law of attiacbon miglu take place between all the bodies 
.in the fyflem, applied this tlieoiy (tailed the ?//dWv fl/" G'rrt'i.vW) to compute 
the efleft of the fun’s attiadhon upon the caith and moon, fo fai as it nijojit 
aflfefl the lelative fituation of the latter as fcen from the foimci , and hence Jie 
difcovered, belides the iriegulanties before obferved, other finaller ‘inequalities 
of the moon’s motion, which alfo were found to agiee vwtli obieivations. Fiom 

thefe, 

• 

* Su I Newton, m the echtxOn of his Fnnapza, page ,6?, has guen tic following 
S<-LoIiuin Pioubus lun.c qu itc lus exccniiicitas oilus non collide i.ittn. SiQjilibus 

compuLitionihus in t-iii, qin^l pt>2aci]m,*abi in conpindione vcl i^ppoft one foL, \cifitui, pio»>ic- 
diij.li fingulis diebus 23 lelpa'da fi^caram, abivc*6in qiacliutuiio c'S it';i2duui hpgulis dicbiis 
16* ciicitei ^ quodque igfius inotus medius anniiub iit f-icafi 40'’ Pci 'Pabul , ^illuncll‘lL«lb 
Ci Flamsifdio ad hypothsfia Horr.0 yii ace itnmodaLa*;, apojanitnin q^fris iwgns picac- 
diUir euni mota diuino 24' 28 quidutiiiis autem leoiedil.n cum motu duiuio 20' is'", et 
motu ni^’Jio annuo *o ’ 41' Icrtui in confequeiitia. Qjod dirleitnlui inUr inoluin diuinum pio- 
gredivum apogei 111 ijifiiis lyz}nns/ ct motmn dmiiiuin regieflivum Li q oiis quadiatulib, per 
Tabulas lit 4' per compa+ationem vei 5 noHram 6J', vir 0 Tub ilmuin tubuenduin tP.c fiil- 
picamur Sed jicqut coifiputationcm noftram falls auCMuitum elk putamus Nain latioii^in quan- 
dam iiicundo piodicie apoou nfolus aiurnub piogitiiivus in iphus fy /ygiib, et motus diurniis 
r^grelimis in^ipfius- quadn^uiis, p^ulo majores Computationes autem, lit nuxiis pciplc*\ah et 
appsoximationibu^ impcditas, iic'C|«c^Liis acenratasj apponcie non lu bet* 

Sii I Newton found, that if the foicc with \viij.ch bodies Ull upon llic eaiuVs finiacc wcie 
^CT^tendSi to thg moon, and to vary inveifcly as tlie iquaie of the dUfauce l*oui d^e c^iitej of the 
€aith,rft would in one minute dt^w the moon through a fpace whiCh ib equal lO uhc vnful hnr of 
tlie aic which the moon dc&iibes m a mumte He concluded t^icicfoie that the moon ivus xt- 
Uined^m it’s orbit by the fame foice as that by which bodies are attruQed upon tlic caith. 
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thefe, and other applications of his theory, he was confitiiied in his conjedurcs 
concLning tie piinciple of \iniverfal gravitation, and the fame- principle having 
fince been further applied, and found to ptoduce conclufions confoitnable to 
obfervation, his theory of gravity is now fiimly eftabliihed. In the year 1747, 

M. Ct AiRAUT, in a Memoir read before the Academy of Sticnces* at Pan:., 
made an objedion toThis law, upon this ground, that it would not account 
for the motion of the moon’s apogee, it giving, accoidmg to liis calfrulatioii'), 
that motion only one half of what it was found to be by obfervations ; and he 
concluded, tlfat it was neceflaiy to change this law, by adding fomothing "t'o 
corred it. He however loon aftci wards difcov^eied his miltake; and was ftuT' ^ 
firfl who gave a complete theoiyof the moon, in which he fliowedthai Sii 
1 Newton’s law of gravity would not only account for the mr'tion of ihu 
moon’s apogee, but alfo for all the other irregularities of the moon 
M Euler has done great juftice to M. Clairaut upon bis foiution of this 
important pioblem, in a letter to the Rev Mr Caspar Wetstein, m 
which he obferves, that “ this queftion is of the laft importance , and I muft 
own, that, till now, I always believed, that this theory did not agice with dj.c 
motion of the apogee of tlie moon, M Clair-AUt was of the fame opinion, 
but he has publickly letiaded it, by declaiing that the motion of the apogee 
is not contraiy to the Newtonian theory. Upon this occafion I have icncwecl 
my enquiries on this allairj and, after mod tedious calculations, lhave at length 
found to my fitisfadion, that M Clairaut was m the right, and that this 
theoiy 15 entiiely fnfHcient to explain the motion of the apogee of the moon 
As this enquiry is of the grcaccfl difficulty, and as thole, who hitheito pic- 
tended to have proved this nice agieement of the theory with the tiuth,^ hate 
been much deceived, it is to M. Clairaut that we aie obliged loi this 
important difcovery, which gives quite a new luftie to tine the'oiy ol the 
Great Newton ; and it is but now, that we tan exped good Afl,iononiu.al 
Tables of the moon.” Su I. Newton in bis Pnnctpta, Lib. I. Piop.TI^. 


Coi. 2. 


by aCTutning the mean force 



nuy EM) of the moon to ibe 


earth in the diicAion of the radius ME, and cpnlideiing that fpree US'" atling 
for a whole revolution of the moon, finds (855) the motion of thfr apfuLs to 


be only one half o^ the real motion , for this foice 


Mr- 


\my li 1/ - 


gives the diftancc of the ^apfidcs =180® x,\/^ -1 — 


- 4 f’l 

- - S.ives tne aitxancc 01 rne aputics 

EM^ , ^ 1'— r >>1 

180'° X \/ 1 + l w= 180“ X r+Jw, and confequentfy the mbtion is 1 80*^: I ft , » 

whereas (903) the true motion is i8o*x|wi. But in this he has ncglcacJ 

that part of the force in a direition perpendicuki to EM, and which is found 

" to 
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to produce die other half of Hie motion; and Sii I Newt on, in tins place, 
intended onl^ to (how vdiat pail of the motion the mean force in the diicdionot' 
the radius would pioduce. In Lib. ITT. Pi. 3. he fays, that “ the adion of 
the fun, fo far as it diaws the moon from the eaith, is twice as great as he has 
afluii3ed»it above;” by which he does not mean that he has alTunicd the mean 
foice ( - X EM) of the fun too little by one half, but that, as it ^lould 
requue twice *fuch a force of the fun to give the true motion of the apfiJes, 
tlfe foice which ads in a diredion perpendicular "to the radius EM, muft, 
ii» it’s effeds upon this occalion, be equivalent to the force — f mxEM 
in the disedibn of the radius. In the firft edition of the Pumipe/, in the 
Scholium to the Theoiy of the moon, he faid that he*had found, byaveiy 
complex calculation, that the mean annual motion of the apogee was about 40“, 
and that the diurnal motion of the apogee, when in fyzygies, was piogieflive 
about 23', and when it was in quadratuies, it was legrefiivc about i6f , 
this he omitted in his future editions, as he was not peifedly fatisficd 
with his computations. Mr. Machin, in his Laws of i/ie Moon's Motion 
accotdtng to Gravity, makes the mean annual motion of the apogee to be 
40*. '40'. 4o|", upon a punciple which he fiift (uggefted, and upon which wc 
have in this Work computed that motion, according to the method given by 
Frisi, M. WAi/iusiET, in his l^heory of the Motion of the Jpfides, has, upon 
• the fame punciple, computed the mean motion of the moon’s apogee, and liis 
conclufion agrees veiy wcU with obfervatiqn; but his pimciples are altogether 
wrong } for he has entirely omitted that part of the force which adts in a di- 
redion perpendicular to the radius, which, as we have fliown, produces juft 
one half of the motion ; he alfo affumes the mean dilturbing force in the di- 
redion of the radius as ading conflantly, inftead of the real diftuibing force ; 
and he has alfo wrongly computed the periodic time of the moon ; it was by 
accident theicfore that he Obtained the mean motion, in lefpcd to the 
•true motion, his conclalions aie cnoneous, M. Machin has not given us 
his 'procefs, we cannot therefore fay how fai it was jufl, In ihc EJiil fienf, 
1751, Mr, P. MuRDtr^K has given a method of computing the mean mo- 
tioi? of the moon’s apogee, by firll conlidermg only that pait of the diftuibing 
force, which ads m the diiedion of the radius , and then, inftead of fuppofing 
the earth fb be ,at reft, by conceiving the eaith and moon to revolve about 
their common center of,gravity, he imputes about one half the motion to that 
catile, and tJicnce .deduces a conclufion agreeing iieaily wuh obfeivation. 
What we iiftve alicady obferjed in Art. 861, is fufficieut to fliow, that no pait 
of Jhe effed can aiife fi«ra the latter ciicumftance, and he has alio (as we have 
already (hown) omitted a caufe which produces about one half of the motion; 
by two miftakes he has therefore fallen upon a true conclufion. 

• 9 ^* 
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. 964. Now to bnn3 irto ono point of view, t*lie fources of all the jks 

which we have heio Ion ml, v'e mq confulci, the equation of the center, 

whicn aiifes fiom the elliptic form ot the orbit Sciondh, we may confider tliat 
the diftuibiiig toices would change a cucuLu 01 bit into that of an cllipfe, 
having the earth m the ceiitei, w.th the minor aicis lying in fyzygie*, anil thcic- 
foie fne moon’j oibit muft fiiffcr veiy nemly a linnlar effeifl , the aieas ( 1 ^ 49 ) 
aie alio atceleiatod and letaided, anti from thofe caules, the mean place t^ilcis 
tiom the true, thus tlicic is produced an equation, cihed the Vanatwn But 
at diffeiont diHaiK&s of tlic earth fioni ttie fun, the diflufbing^ forces vary, 
this equation theicloie being fiifl calculated foi the mean diftance of^the earth 
from the fun, will be fubjeib to a vauation, tioiii the varia'ion of that diftanre, 
and hence anlefomc new equations. Thirdly, the moon’s orbit being dilated 
and contradted as the earth approaches to, or recedes from the fun, it’s motion 
will accordingly be dlminifhed 01 increafed, and hence arifes an annual equa- 
tion, afligning the difflience between the mean motion at the mean diftance oi 
the eaith from the fun, and the mean motion at any other diftance of the fun. 
Fontthly, the variation depending on the tiue diftance of the fun flora the 
moon, if the mean diftance at firfh ufed be coiieded by the firft teim of the 
equation ot the center, and by the annual equation, new equations of the va- 
riation will arife. And if the fecond term of the equation of the center be alfo 
taken, and applied, theie will thence arife fuithei equations of the variation . 
Alfo, if the diftance of the moon from the fun be farther conefled by the 
evedion, new equations will be intioduccd into the vaiiation Again, another 
torredion of the vauation may be introduced, by confidcring the difleienco 
between the diflurbing forces aufing from the fituation of the nodes of the 
lunar oibit Thus, by torreding the moon’s diflance from the fun, from whit 
was fiift affumed, we get new equations of the variation. Ftfthh' the dibit ot 
tlie moon being inclined to the ecliptic, the difluibintr force m the oibit is dif- 
feient from wluU it would be, if the orbit coincided with the ecliptic, and tliat 
difference of forces will produce another equation, dependitfg on the lituahon 
of the nodes in refped to the fun St:^thly, the diftuibing forces eauft a 
motion of the apogee, but that motion is not uniform, it beings regreffive 
when the fun is in it’s quadratures, and progreffivc, when in fyzygies, ovit upon 
the whole it is piogreffive , theie aiifes therefore an equation -of the motion ol 
the apogee, which depcAtls upon it’s diftance fiom tire flan, there is alio a 
fmaller annual equanon, aufing from the difturbrng forces being diijeunt at 
different times ot the year. Seventhly, the excenirAtity of the oibiC is lub]ed: 
to a change, tnl that change caufes a change of the Cquaiioti'^of the ccnfr'i, 
called the eved’on, hence arxfe new equations to be applied, depending or tjpe 
fituation of the apogee, the change of excentricity dependwig on that circum- 

flancc- 

(f* 
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lla.nce. EtghiMy, the eveftion at the mean diflaiicc of the eafili fiomtlit fuu 
being found, the-diflurbing force of the fun at dilFerent diftances fioni the 
earth being difierent, equations of the e'vedlion will hence aulc Alfo, the 
difturbwig force vanes as the fituatioti of the nodes vary, and hence alfb anf* 
new equations of the evedtion if the dillance of the moon fiotn the 

fun, be correifled by the annual eciution, and the motion of the raoou 
iSoin the apogee be coircdcd by tin lame equation ol the mean motion, and 
. by the annual equation of the apogee, fiuther equations of the cvcdion aie 
B. found, Xinfi, by correding the firft afilinied values of the quantities lepie- 
^ felting the feveral fources of" the equations, new equatio'hs aiife, which may be 
ednfidered as coned ions of theoiiginal equations, and hence we derive the 
equations of the moon’s motion, which applied to the ine,’n plate, will give 
the true place. Sir I. Newton calls the equations Mmpua, Scmejlips, 
Annua;, i^c. accoiding to the periods in which they retain. The mean motion 
of the nodes, and the mean inclination of the o'bit, aie alfo corroded by equa- 
tion^ found upon fimilar piiijcipleb, which applied to the mean place of tlie 
node, and mean inclination, give the true. The tonclulions thus deduced will 
be found generally to agiee vciy well with thofc which aic deuved from a dircd; 
folution j the few cafes where they wcie not fufllcicntly accurate foi a^ground 
, of computation, we have pointed out, and corieded j but in whatever manner 
this fubjedt is treated, fome corredions are applied from obfervations, ia 
ordei to render the equations more peifedr; not that the principle of attradion 
is infufficient to fuinifh conclufions winch Ihall agiee with obfervations, but 
that the method of deducing thofe conclufions being only by appioximation, 
finall enors are introduced, which aie eafier to be 'corredted by obfcivation, 
than bjr continuing fuch laborious calculations m Older to a further corredion^, 
Mayer’s Tables f, founded “upon a veiy elegant theoiy which he correded by 
c obfeivations, are the moftcorred and do not eir more than half a minute in lon- 
gitude. The method however by which we have here treated the fuhjeft has this 
advantage, that it fbows the cauf'es of all the equations, and theieby gives a very 
cleti and^comprehenfive view of the whole bufinefs, Thus I have given the 
. ® ” reader 


* Mvser. in his laita, page 50, makes this obfervation. Prateiea in eadem ime 

ftrmula plares termini occcaiunt, quos theoiia, licet fummo Audio traflata, accurate piaibciv 
non poteif, ob -ratipnes nulli non cognitas^ qui in hac re vires fuas ac pntientrun exeicuit. Ho' 
nSitui^teiminosinaluicx obfav»>ti^ombus dtfinne, quam lUorum gratia lalculum tediofiffimiim, \ 
. mo jamdudum lon^e atcuratiy*. inAituunm^ ([uam a quoque hadieiuii. taaum, ulteiius adhuq perfaqui, 
liovjtfqua sc forte inripeiab^libus augeie difbcultatibus Denique etiam eos teiininos, quo^ tlit- 
oi»i Tatis manifefte oltendit, per obferv..dont& ita toircxi, utpauci- fccuadis adjtGis vel demli, 
f urn coelo tnagis confentirent, 

• .1^ At conefted by Mask ecyne. Sec the Pieface to the luminal Jlmamt, 1797, 
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reader all the fatisfaflion I am able upon this difficult fubjeS:, without enteiing 
into a direft folution of the pioblem, which requiies the integration ot a flux- 
lonal equation of the fecond order, and this can be done only by an approxi- 
mation of a very intricate nature, and of great labour , to explan tke vyhole 
of which fo folly as to render it mtelligible to the generality of reacfcrs, would 
of itfelf requiie a confiderable volume, by fo treating the fubjed, however, 
we obtain the following very important conclufion, which was firfl; obferved jy 
Mr. Simpson • That as up terms entei into the equation ofthe orbit, but what 
confifl pf the cofine of an arc, or ot it’s multiples, all the terms', by a regular 
increafe and decreafe, 'do after a certain time leturn again to then formci values, 
and therefore the mean motion of the moon, and the greateft quantities or the 
feveral equations, undergo no change from gravity. 
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CHAP. XXXIII, 


•ON THE riGURD OF THE EARTH, 


9^5. TF a fluid bod^ had no motion about its axis, and all ifs paii<. 
^ were at reft and kept together by the mutml attiadion of itS 

^onftltwent particles, the body would form itfdf into a fpheie, for the piefTures 
of all the columns upon the central paiticlc could not be equal, unlcfs they wcie 
all of the fame length Now Sir 1 Newton having piovcd that the bodies 
in our fyftem attiafl: each other with forces vaiying inveifely as the fquaies of 
then diftances, concluded it to be an univerfal principle foi eveiy panicle of 
matter, and that the paits of each body were kept togcthei by the fame power 
. T838) ^ On this fuppofition therefore, if 'the earth weie a fluid body, and pei- 
feSly at reft, ids form muft be that of a fpheie. But as the eaidi revolves 
.about an axis, each particle, befides it’s giavity, will be uiged by a centiifugal 
fqrce, by which the particles will all have a tendency to recede from the axis, 
and hence, M. Huygens and Sir I Newton concluded that the eaitli muft 
, put on a fpheroidical form, whofc polar diameter is the fliorteft Foi let 
be the axis, £^the equator, draw « perpendicular to Pp, and let hn} lepiefent 
the centrifugal force of the point 3 , and refolve it into two, one In \Vi the di- 
reftion of the tangent, and the othei mn peipendicular to it. Then the foicc 
in diaws'the 4 uid fiom p towards E, and confequently it will diminifli the 
radius pO and mcreafe the ladijK EO We fliall theiefoie firft confidei, what 
wH be the form of the curve FEp, and then determine the latio of pO to PO, 

’ according, to the punciples of M Clairaut, in his Treatife, en, titled, 
^heorte de la Figure de la €!erre, who has followed Mac Laurin m his in- 
veftigation of the attraftlon of a corpufcle upon the furface of a fpheroid, 111 
direftions perallgl to each axis. 

966 Let Pp, be two concentric circles, Othc cente’, draw P^O^zp, 
and ar, peipendicular to it, and join Mt, and jnakc the angles 

' e^cfrMs,rMus} cqual,then + = Mr+JWw, For from the confliuflion, 

iWi'is parallel to ^<2, 'andiissncc Mr=§la~, dravv ii perpenc'icuki to Ms, and 
take^r‘y = fj. Tjicn as tte angle ) Mt = a^, 1 iM=ab^ and Mi we 

‘'have Mt=£^ Now as the angle sMr= wMr, the chord 1^ = chord 
rs=rvi therefoie the triangles Miv, Mrw ate fimilai and equal, hence^ 
Mw = Mv ; * confequently Mw + Ms = Mv ■^Ms=^lsIt=^Slb = ^h■^ ^c. 

* * ' , 967 Now 


i 


gjj ON THE FIGURE OF THE EARTH. 

067 Now ]et US fuppofe this figuie to be oithograpliically piojeded upoiu 
a plane paffing thiough Mw, and the two cades will be projeded int^t fimilar 
dlipfes, and the lints ^c, Ms, Mtv being all dimminied m the fame tatio, 
we fhall have in the elhpfes, ^b+^c:=Ms+Mw When by inc,mafing the 
anele rMiv it become| greatei than the angle tMx of the fegmcnr, Mzv will 
lie on the other fide of M, 01 w falls in the arc MPm, in which cafe, Ms - ^ 

M'v:> = ^b + ^^ • j yf 

Kig. n68 The aftiadion of a corpufcle at J towaids any pyiamid Jvwzx,^ the__ 

, 216. area vivzx of whofe bate is indefinitely fmall, vanes as the lengthy the angle — 

bein*g given, and the attradion to each particle varjnng inveifely as the fquare 
of the diHance. For put a =the area zxvw, m=^A%, x = Ja, and let be & 

fedion paiallel and therefore fimilar to zv, then, nP :x' -.a ^ = the feaiorx 
-A hence ^ = the fluxion of confequently the fluxion of the attrac- 

non oiAab^"-,, whofe fluent is the attiadion of any length a’ which 

thclcfore Vtiucs <is x Hence, the atlraftioiis of coipufcles at the verticc^s ot 
fimilai pyiamids :uc in pioportion to then lengths. If x = in, we g^t the at- 

tudion to the whole pyramid =~. 

969. Hence, if two coipufclcs be fimiJaily fituated in refpeft to two fimilar ^ 
fohds, the attrafhons to the folds will be as then lengths For if the two 
folds be divided into fimilar pyramids, having the coipufclcs m the veiticcs, 
the attraftions to all the correfponding pyramids will be as their lengths, or 
as the lengths of the fohds j for the pyiamids being fimilaily fityatedan the two 
fimilar fohds, their lengths muft be m pioportjon to the lengths of the folid^, 
and therefore the whole attradions will be in proportion to the lengths of 
fohds , or in proportion to any two lines fimilarly fituatectm them. , 

Fig. 970- Let Fig 217 be the projcdtion dclcribcd in Ait 967 and make tlic 
217. angles b^, sMx, wMz indefinitely fmall aiTd equal, and concqive the 
whole figure to levolve about Afwi thiough an*' indcfipitely fmall angle, then 
the pyramids generated by b^, sJMx, tvAIz boin^ fimdai, the attrac- 
tions of the coipufcle&at ^and M towaids them will (968)- be as thou lengths. 

But + or Ms-Mw when w tails on the other fide of iV:^, . 

hence, the attraftion of ^ to the pyiamids gemwated by is^gtinl 

to the attraftion of M towards the pyramids generated by^ sAix, ivTilz, 
attraftion to wMz being reckoned negative when w lies on the other lid© ol« 

M Hence, it each attiaftionbe divided into two, one peipcndicular to 
as In, rj, sr, wy, and the other parallel to Mtn, then fiom lumlar tiungh's, 

, ^ ^ im 
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ON THE FIGURE OF TJIE EARTH. 


1 ) 

I/n+cq^st -ir'-Jiy, confequcntl/ the attuclions of the coipufclcs at ^ ar/1 
M mu -diaedicm peipciidiciilar to Mm are equal. And as this reafoning holds 
for every fiich conefponding politions of pyramids about and M, it follows 
that the aCtraftion ol the corpulclcs at ^and M to the whole fohds geneiited 
by ^eatl, Pupt about through an indefinitely fmall angle, in diiediqns 
peipendicular'to iV/w, will be equal, 

*Now let ^ead, Pii[<t be two fimilai fphcroids, and conceive the line 
Pp to pafs through the center, and Mm to be perpendicular to it. Then every 

wdiich^palles through Mm, cutting the two fpueroids, will be fiinilar 

ellipfes , hence, by the lad Article, if we conceive any tWQ of thefc planes to 
j^e inclined to each other at an indefinitely fmall angle, the attiaftion of the 
corpufcles at ^ and M in a diredlion which is perpendicular to Mm, 
towards the fohds between thefc planes in the two refpcdive fphcioids, will 
be equal Hence, by the icfolution of forces, the whole attraflion of a cor- 
pufcle at ^ in the dircifliun towards the fpbeioid flead is equal to the 
attraftion of a corpuhle at M in a diiedion paiallel to ^0 towaids the fphe- 
void Pi pi. In like m<mnci it appeals, that if 7 ef be diawn pa allel to the 
* axis P p, the attiaftion of a corpufcle at e lu the diieftion eO cowaids the 
fpheioid ^^,/^is equal to the attiadion of a corpufcle at T' in a diredion 
'paiallel to eO towards the fpheroid uptP , 

*972 The actradion of a corpufcle at P towards the fpheroid Pnpt is to the 
attraction of a coipufcle at ^.towards the ^^heroid ^ad . PO : ^0. For 
conceive two fimilar pyiamids, whofe bafes are indefinitely fmall, to be fimilaily 
fituated in the two fpheroids, having their vertices in P and then (968) the 
attladions of the corpufcles at P and ^ will be as then lengths, 01 as PO to 
from .then fimihi filuations. Hence, if we refolve the attiadion of each 
into the dircdion PO, § 10 , t]ie attiadions in tins diiedion will ftill be 
as- TO to §ip, from the pyiamids being equally inclined to PO and §[ 0 . 
Tlieiefore by dividing the whole of each fpheioid into finular pyiamids^ it 
follows that the attradion of the corpufcles at P and ^ to the centers of then 
refpedive fphcioids will bs'as PO 4 p. 

97 9 T .et PPp U be an ellip^, Pp the minor and EU the ma)oi axis, di aw MG 
pcrpendiculai to the curve, MT a tangent to it, and M^, MR peipendicular to 


OP and OF Now^P §M 


^G: 


PM* 

W’ and 'by the property of the 


OP^ 


9JG 0^ 


' 9 f 


ellipfe, QT eP . OP 
. OT ^ 

^ fccond proportion, Of 0 ^ 

ience. Of 6 p^ 


OP' 

Of 

OP' 


iiM'' 


O 


OP'-0^=zOP + 09^xOP-0^=p%x P^ j; 
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ON THE FIGURE OF THE EARTH. 

05 * : therefore 0 E^ = ^M* x hence, : O^.. OE^ , OP , 

*N..» 

confequently ^G= -opi x 

074. A fluid body will preferve figure, if the dnedtiofl of it’s gravity 
nt every point be perpeWular to it’s fuiface, foi then gravity eaanot put it s ^ 

07 e If the particles of an homogeneous fluid body attraO: each other with 
fo,«. va.!nng’iav=rfdf as the fqmics of «h=,r aftoncK aad .t OTchc 
an axis, ic will pus on the fmm of a fplieioid. For iS PBpU be a fluid, 
it’s axis about which it revolves, then may the fphcioid i evolve in luch^ tim^, 
tliat the centrifugal foice of any particle M combined with it’s attiaaion to 
the fpheroid may make this whole force aft perpendicular to the luitace. hor 
let £; = the attraftion at the equator E, P=that at the pole P, P=tie cen- 
tiifueal force at the equatoi. Now (97 1 ) the attradion of M in the diicaion 
iV!fP= the attradtion of ^to a fpheroid fimilar to PUpE whofe fcnn-axisis 
^ 0 , and (972,) the attiaftions at P and ^'upon thefe fimilai fphcroid^aic js 

; P 0 j hence, the attiadtion of M in the direftion MR is P x ^77^ ; take 

Mr=Lhis quantity. For the fame reafon, the attraftion of M in the diicdlioa 

IS Ex But the centrifugal forces of bodies revolving m equal times 


being as their radii *, we have OE : or OR, 


rn r. GP , 

F ; Fx 0^ the ceiiiii- 


fugal force of Mi hence, £ - Fx ^=the whole force of M in the thiTdlon 

M^i take iWg':=this quantity. Complete this parallelogiam Mr and 
Mq will be the diredtion of the whole force adling on the paitidc at M 
Produce Mq to G It remains therefoie only to be proved, that OE, OP may 
have fuch a ratio to each other, that MG lhall b? eveiy where perpendicular 
to the curve Now by fimilai triangles, g 5, or Mn, \ Mg-.. QG ; G A/, that 


n, Px % ■ g| :: Fj'-QiS . 01 >, ia 

which theie is no line concerned but the two axes 5 tlieiefore to a Iphcroid 
having two axes in fuch a ratio, the whole attradEive foice will at cveiy pouil; 

be perpendicular to it’s furface i hence (974)) Jdi® wild d>? 

^ ^ ’ Trnay 


o ^ ^ 

• For (Say) the centrifugal force varies ai and in tHs cafe Qjf varies as 5.if 5 hence, 
the centnfugal force varies ss or as the radius* 


’ ON THE FIGURE OF THE EARTH. 

F may always ha\e fuch a value as will fatisfy this proportion, by adjufling 
the time of leyolution. Oi having given F together with P and E, the fphe- 
roid whofe axes are as P : £ - i? mufl: be that into which the fluid will ioira 
itfelf 

<90 

The attradlion at any point M in the diredion MR is as P x ^ 


PO 


Px 


MR 


, 3 let theiefore P (the attraiSlion at P) ba repiefented by PO, and 

•'MR ^!4lll reprefent the attradion at M in the diredioi; MR, c»nfcqucntly Mv 
**will reprefent the whole attradion ading in the diredtion peipendicular fo the 
^furfaee. Draw perpendicular to MO, then MO Ma Mv . Me • 
the attradion in the diredtion A/'y ( = Mv) the atti adLion in the direftion 

M 0 =^ which vanes as becaufe Max-Mv is conHant, by the 

pioperty of the ellipfe. 

977. To deteimine the ittradion of a corpnfcle at P the pole of a fpheioid, 
,to the fpheioid Diaw Pm, PM, indefinitely near each othei, and M^, 
Mt, perpendiculai to Pp, Pm, and conceive the plane PEp to levohe 
about Pp through an indefinitely fmall angle whofe arc is equal a, radius 
being unity, put PO=i, OE—m, P^j=z, ^M—it, the cofine of MP^=s, 
3 nd \/nP —X =n Now ua= the indefinitely fbiall aic defcribed by M about 
Pp, confequently ««xMfaathe bafe of the pyramid generated by PMri 

tid X JM[t 

hence (968), the attradion of P to this pyramid = - • j but confidering 

the .angle MPm as the increment of MPSl_, and Mr the nicrement of the 
aic to the radius PM, we have Mi s PM • v/i — p, hence, the attrac- 
tion of the pyramid in the difeftion PO——^ML=. But -/;f z®. 


alfo, j 


v/i 

2; 


ns 


7 + 


m ““i') = 7P+5 > 

a w® s / 1 


« J 

V I 


fiom the fiift equation, fioni which n = 


r xs 


1 +n-s’‘ 


hence, the altiadien of the pyiamid in the direiftion P 0 = 


zflm s s 

T+iFF 


z ai,i^ 


^ ns , whdfe fluent is / ,n - 3 where z is a circulai arc whofe 

♦ • . 


i+«*r®’ 


Tadids'^i., tangent =;»J, hence, when 1 = 1, we have — x ti~ z for the 
^ fir 

attradion of P towards the fiilid generated by the revolution of PEt through 
,Yol II * M an 


S9 


Fig. 

219. 


90 


Fig. 

2Z0. 
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r&n indefinitely fiiiall angle, where z is the a'rc whofe tangent is ;/. Hence, 
as this IS the attradion foi every indefinitely ftnall folid thus air, if we put 
^ circumference of a cade whofe radius is unity, and fubflitule t iiiftead 

of we fhall get P=i£^x for the attradion to the whole. 4 pheroid. 

But^z = B - i -h W’ - 7V + 8tc. put alfo wi = i + i, then «* ^ - 1 = 2^/+ d\ 

hence, by fubftitution, ^ x x ^ d- 5 l( d = o,-'we 

get I c for the attiaflion To a ipheie whofe radius = i. . " 

97§. To find the'»attia£lion of a corpufcle at the equatoi iZ of a fpheioid 
EPDp Diaw EK parallel to and fuppofe a fphere EH to be mfciihed in ^ 
the fpheioid, whole radius is equal to unity Now if we conceive any plane to 
pafs through EK cutting the fpheioid and fphere, the fedion of the fphcioid will 
be finular to EPDp, and the fedion of the fphere a circle , hence, if we find 
the attradion to the two folids between any two planes paSing through EK 
and forming an indefinitely fmall angle e with each other, we fhall get the ratio 
of the attiadions to the two whole folids. DiawPJV, Ea indefinitely neai," 
and NL perpendicular to En, and NK to EK Put EO=m, OP=^i, 
w* — 1 = «% EK=u, NK=z, tne arc of the angle e to ladius unity = », and 
the fine of NEO = s, then az^tho aic defcribed by N, hence, the bafe of the 
pyramid dcfciibod hy EN L = az x LN, and (968) the attraction of the py- 
ramid = attradion in the diredion EO = ^ 

= tfzs , becaufe, confidering NL ss a, circular aic whofe radius is EN, 
and the angle NEL as the increment of NEO, LN , s EN - v^i -r' 

^ , make 






But by the property of the elhpfe, alfo 

the two values of m® from Ihefe two equations equal to each other, and thcncS 


we get z 


zm X I — r 


I + «®j® 


, , . o zma’k I — j® X J' 

hence, the attraction = , / , - r;a — za )(. 


I +«®P 


ns ms 
a* I fP 


Wr yfis 

, whofe fluent is zax —.xz'——., where z 1 v a circular 


if\r 


m 

X -r 


arc whofe radius = 1, tangent =aj, and when r=i, we get 2«x 3 

• hir 

for the whole attiadion to the part cut off from the fpheroid. .H-we luakd* 
-?«=i, and confequently ■» = o, we have las-Aas^ for the attfadioia to the 

pyiamid of the fphere generated by Ewv, whofe fluent, when j=iy is — for 

3 * 

the attradion to the correfponding part of the fphere cut off by the two planes. 

Hcpce, 


. > 
% 
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ffy fyi 

Hence, the ratio of thefe attradions is as i Ix-j x2 — j. But (977)* 

^ 1 % 

the attradion to a fphere whole radius = 1, is f hence, E=c x -^xz- — 

a W' ft 

IS the' attiadion to the Ipheroid at E. Put m=i + d, then «* = 2J+c?*i 

• * Ic 

, alfo 9 = « - 'I »* 4- j a* - f H- &c. hence, by fubftitution, E ■=. — x 
\ • 3 

*• I 3 ^ ^3 gj(._ j^ow (975) when tJhe fluid* is in equilibrio, 

■ ~ 5 35 ' ^°5 

P * • 

' * P .“E-F : t+d : 1, hence, F=E —ji fubflitute forZ and P their 

values, and we get P= “ ^ ^ ^ ” 77 

3535 35 




» 


979 Let V exprefs the centrifugal foice of a body at the equator compaied 

jr 

with It’s weight, then = the weight being unity, fubftitute foi E and 

4. 2 8 

P’ their values, and ‘v=^ d d*-i- „ — J* See. hence, by reverting the 

5 ^73 73 


fciies, d=~ vH — ^ V* - V* See. confequently i +^7= i + ^ <y* 

• 4 224 627Z 1 / ^ 

— See is the equatoiial radius, the polar radius being unity 


980. To determine from hence the adual ratio of the diameters of the 
eawh. By Art. 965. is that part of the centrifugal force which afts in 

oppofitibn tc5 gravity, now Ob ha ' hm mn = but (975) 


jvaries as ba, and 03 is conftant, therefore mn varies as ba' the fquaie of the 
cofine of latitude4 Now according to Sir I Newton, if the eaith be a 
fphere, it’s radius is 19415800 Pans feet. In the latitude of Pans, a body falls 
21 7,4 lines tlie firft fecond. The verfed line of the aic defenbed by the equator 
in 1" is 74'^4 o 64 lines, which therefore reprefents the centrifugal force at the 
cquatoi* Hence, the force of gravity at Pans : centiifugal force at the equator 
,.2174 7,540^4 But rad ‘ cof lal Pans* 17,54064 3,267 that part 

, of* the centrifugal force* at Pans which is oppofite togiavity, hence, 2174 + 
3,267 =*21^7,267 IS thc;ft)ice of giavity at Pans, theiefore the force of gravity 
, at Pans centiifugal force*at the cquatoi 289 : i , and this ratio may be 

taken fo* the gravity at the equatoi to the centrifugal foice. Hence, 2;= -4^, 

288 

* M 2 confequently 


Fig. 

214. 
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"confequently 


5 

11^2 


I 

230^4 


neglefting all the terms after the fiift on ac- 


count of then fmallnefs. Hence, the latio of the diameters is as i • i -j — . 

, ^ ^30.4 

, 2jo,4 • 23I54J or as 230 ; 231 without any tenfible diffeience Ibir I. 

Nfwt ON makes it 229": 230, from which ratio the abo\e docs ’’not ienfibly 

dificr __ ^ 

981 If the whole denlity of the body fliould vaiy, then the gvrvity 2^ at 

the equatoi vvilTvaiy as'=thc denfity, but the centiifugal force, ^’"vvijl not'bc ’’ 

F P ' ' 

alteieJ, now v = ^ neail}'", hence, v vaiies invcrfcly as the deJifity ^ 

neiily, tonfequently d will vary nearly in the mveife ratio ot the denfry" that 
is, by increafing the whole denfity, the body approaches nearer to a Iji'ici c. 

9S2 To find the latio of the diameters of yupiter- Let /■=tlie time of it’s 
rotation, T=the time of revolution of one of it’s fatelltes, ;i = the diAuUce of 
that fatellue from the center of Jupiter, the radius of Jupiter (heie (lij'pofcd 

a l].iheic) being = i. Then (977) ~ exprelTes the attiaiStion at the fnilACc 

of Jupitei, -^^, = the attuuSlion of the fitellite. Now' the ccntnfugal foices 

being as the ladii diiccSlIy and fqiures of the periodic times invcifcly 
and the centrifugal force of the fattJlitc being equal to it’s centripetal foicc 

(thefe foices m a ciicle being always equal), we have, d- — ^ 

Hence (978), ^ d— ~ ~¥ 7 * ~ rcvcifion of 

ferics, d= 5 20" + ^ ze)» &c. confequently i +J=i ro-l- ^ 2/ 

4 224 39a ^ 'i J T 

+ ^ Now accoidmg to Cassini, the time of the rotation of 

Jupitei is 396', and the diflance of the fourth fatellite, according to Mr Popnd, 

IS 26,63 =-^5 iind the mean time of it’s re\olution = 24032'=V, Hcncc, llic 
ratio of the diameters becomes 100,5 9°!5 obleivaaon, Mr, Pound 

' . found 


** A ^ -s 

* For by Art. Say. the centrifugal force varies as vLefi* = the penoific timr iiftfc 
circle V = the velocity mthecncle, then wanes as becaufe the "time is .given Tbir 

i* varies as or as therefore vanes as — ^hich vaies as or as^'thi 

Kjcutiifugal force. 
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found the ratio of the diameters’to be 12 ; 135 and Dr. Bradley as 12,3 ; , 

983. Hence, the difference of the diameters being i w, taking the fiifl 

teim oqly "foi *he value of d, ic appears that that diffeience, or w, vanes as 

or diiedly as'the fquare of the velocity of the planet about it’s a\is. Herfte, 
and,by*Ait. 981'. if the denPty and time of lotation lliould vary, the diffeience 
of tlie diameters will vary as the Tquaie of the velocity diredly and denfity 

’* * f- u * ' • 

mveilety. . • 

9S4 Su 1 . Newto^t determines the ratio of the diameters of the earth in 
Jthe following manner^. He alRimes the figure to be a fpheroid, and finds 
the centrifugal foice at the equator giavity i 289 as m Art 980. He 
then affumes the latio of the cliamcteis to be as 100 loi, and finds the gra- 
vity at the pole - giavity at the equatoi • 501 • Now if we conceive 

two canrls to be cutfioni the pole and cquatoi down to the center of the 
eaith, and filled with a fluid, they inuft balance each other But the foice of 
4^ravity at difieicnt paits of the* fame canal \ariLS direftly as the diflance 
liom the center, and the centufugal force of evciy point of the eqnatouai 

canal 


• • Su I, Npwton in his Pnnetp?^, Lib i Pf 91 Con 3 * proves, that if a coipufcle P be 
placed within a fpheioid, it is attia<Sled to the center 0 by a force proportional tolPO For 
conceive the fpheroid Pp^ to be fimilar to the given fpJieroid MTR, and draw the radii 
OpF, OPi/, and draw nfst, making an indefinitely finall angle npm^ then 

confidering pmfh 21 s fitnilar pyramids, the attradion of p to them ( 968 ) will be as their 
lengtjps; but by the piopeity of the ellipfea, niiwzzpm^ theiefore the attraftion of p to 
the part zz the attiafuon to hence, p is attracted only by the pyramid pw;. 

Thus il appears, the attiaftio^ of p is onl) to the fpheroid hence, the attradlion 

( 969 ) at ^ . the atLiaTiii av . pO VO hut thio is not^tiue loi corpufcles in different 
rjdii For P.^is a fpheroid linal ir to MJR; and (as above pioved) the coipufcles P, p, 
will not be diftuibed by the attiaClion of the matter exterioi to confctju^ntly ( 976 ) 

the atti adion of ^ to 0 * the attra£lioii of P to O PO / 0 , but ( 969 ) confidering rz fimilar 
to P.^, the attrudlion of a coi^ufcle P the attiadiion of a corpufcle r , PO f 0 , theiefoie 
the att^aiCl On of / to O : the attracSlion of ftoO. PO^ pOx,t 0 pO'KPO^ pO^XtO : 


pO 


fO/: 


PC!^ 

IPO^. 


p 0 


rO X 


MO^ 


Therefore for coipufcles fituated in difftient radii, this 


lafi propoition mufl be applied, and not that of Sir Newton From hence it alfo appears, 
that if FO 9 MO he two can 4 s meeting at O and filled with a fluid*, they will balance , for the 
fluxiSns of their pvefiincs will be thcfoices of attra£lion multiplied into the fluvions of their 

A * • JH ^ - — V 0^ VO" 

lengti^s, 4ir as xpO . rOx*rO whofe fluents are as p 0 ? O* x ^ u 

Op an^ Or become 0 *F and O^, we get the whole pielTures as i i, or they balance ciclr otheu 
L isiiom affiimin^ this punciple, that Su T Newton pioves the ratio ot the diameters of the 
earth, and that the attra^ion on tliC fiiifacc varies inverfely as the ladms, Hence alfo, any 
fimildi parts Op, OP will b 4 ance each other. 


Fig. 

221 . 
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canal vaiying (975) in the lame ratio, theiefore the whole force to the center 
varies as the diftancc from the center , and if we take any two indefinitely 
fmall parts of each canal, fiinilaily fituated, their weights muft be as the weigi,hts 
of the whole, and as the weights are as the magnitudes and gravities, they 
win be as lor x 500 100 x 501, oi as 505 501 Hwice, that there biay be 

an equilibiium, the centrifugal force muft take off from the equo fcoi iai 

canal, and thei^the w^eights of each will be equal, and they will balance JBut 


X ^ 

the qentrifugal force of the earth at the equatoi takes off - g - part of giavity , 

^ T T X * 

hence (2.66), — . — ; the excefs of the equatoiial above the 

' 505 289 loo 229 ^ 


polar radius, thciefoie the ratio of the radii is i 


I + ot 229 . 230. 


985. To find the ratio of the diameters of any other body, Sir Isaac pro- 
ceeds thus. If the body be greater or lefs than the earth, the denfity and time 
of lotation being the fame, the latio of the centiifugal force to giaVity, antf 
theiefore the ratio of the diameters, will remain the fame But if the time of 
rotation and the denfity vaiy, the diffeience of the dumeteis will (963) vary , 
veiy nearly m a duplicate latio of the velocity direftly and the denfity inverfeljt 
Now the earth levolves in 23^^ 56', and Jupiter in 9// 56', the fquaies of thefc 
are as 29 5 veiy nearly, and denfities (as will aftenvaids appear) are as 400 • 

94,5 , htnee, the difference of the dumeteis of Jupiter • it's leaft diameter . 

5!,Q AOO I 

7 V. n: — .. • I, or as I 9 1 very nearly, hence, the equatoiial i the 


5 94,5 229 

polar diameter of Jupitei 


loi : 9|, agreeing very nearly wiilr Art.*982. 


986. The latio of the diameters of the eaith and planets here detemimt;;^ 
from the principle of attraftion, fuppofes the earth to be of an unifoira denfity, 
btit as it appears that this does not give accurately the ratio of the 'dumeters 
of Jupiter, it will be proper to examine, how this ^teiminaiion agices w'itli 
the figure of the eaith deduced from an aflual ipenfuration. Tlie metliod of 
performing this operation, I ftiall explain from the meafuicment of a degree 
of the meridian at the polar circle in Lapland by Ceairaut, Camcts, 
Le Monnier, ,Maupertuis, the Abbf Outhier, and M. Celsius of 

_ ' ' . ' LTpfal! 


♦ From the nieafurement of tlie dtgices of the meridian lu France, the longeft degree appeared 
'to be that which lay moft to the foath, fi om which Cassini concluded that the earth an 
oblong fpheroid, or the polar diameter the greateft. To fettle therefore the figure of the eaith » 
the mealurement of a degree oi the meridian at Lapland was undertaken. 


» 
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Upfal. They fet out together ^Tom Stockholm, and went to Tornea j from 
thence they departed on July 6, 1736, to furvey the country, and fix the 
piopei flations! Fig zzz . reprefents the triangles, upon which the calcula- 
tions of the degree of the mendian were founded T repieients Tornea, 
K, Niwa , JK, TSIakaraa , C, Cuitaperi , J, Avafaxa , P, Pnllingi , Kittis , 
JV, Niemij and if, Horrilakero. Thefe aie the ftations fiom which t^ey 
meafur§d the angles, which they found to be as follows. 

\ 


QrK= 24 ». Iz!. s4\s 

KT «s=; ig. 38. 17, 8 
InK— 87. 44. 19, 4 
HnK= 73. 58 5, 7 

JnH= 21. 32 2, 5 

HnC= 31 57. 3, 6 

= 72 37. 27, 8 
CKit = 45 50. 44, 2 
HKn = 89; 36 2, 4 

HKN= 9. .41. 47, 7 
XCi? = 28 14. 34, 7 
XCT* = 37 9. 12 

KCH — 100 9. 36,8 

ifC^= 30. 36. 33,4 


33» ^3' 56",7 
HAC— 1 1 2. 21. 48, 6 
APH == Ji. 19. 53, 5 
I{PN= 37 22 2, I 

NP^= 87. 52. 24, 3 
iV<^P= 40 14. 52, 7 
^iVP= 51 53. 4,3 

PiVif= 93. 25. 7, 5 

ifNi:= 27. II. 33,3 
CfL^= 36. 42 3, I 

Cif« = 19. 38 21 
' aHK = 16. 26. 6, 3 

^ifP= 94. 53. 49, 7 
i’ifiV= 49. 13. 9, 3 


Fig. 
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Thefe are the angles as meafured with a quadrant of two feet radius, fur- 
niflied with a micrometer, and reduced to the horizon. 


987. *Let be a meridian line, and from the feveral ftations draw the 
dotted lines perpendicular to' it , and is the diffeience of the latitudes of 
Tornea and Kittis, which we want to determine in meafure of toifes. For this 
purpofe. It was neceffary to meafure fome bafe line, and connedt it with the 
above triangles. A line. 5 i lying on the ice was therefore accurately meafured, 
and found* from the mean ®f the two meafurements, which differed only four 
inches, to be 7406,86 toifes. And the following angles were found by men- 


furation. • 

• 


* ' • ABb = 9“. 22'. q" 

. * • • • • 'AhB = 77, 31 30 

• • ' ACB = 3.4. 40. 28 


• 

* • * BAC = 22. 37, 20 

• 

• 

• 


988, Now 

• • 

t 

• • • 


• 
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^ 988, Nowin any tnanglcj the angles and' one fide being known, the other 

fides may be computed ; hence, in the triangle we find — 7242,76 ; 
therefore m the tiiaiigle ABC, we find ^C=: 8 659,94 toifes. By proceeding 
thus with the triangles ACH, CHKy CKt, AHP, HNP, NF^, we find 
^P = 14277,43, 10676,9, Cf'= 24302, 64 toifes. ' - 

^89. To dtteimme the pofition of thefe triangles in relpecl to. the meiidiaa 
^M, the pafTagcs of the fun at through a veitical cade 'to P and N was 
oblcivcd for many days', which gave the angle P^M=28". 51' 52''',''and 
= 11“ '22'’. 54'... Hence, P.^Z) = 6i'’ 8'. 8", APE = 84“. 35'. '“54", 
ACPz^Si". 33'. 26'', C'fGz=6g'‘. 49'. 8"; therefore by the icfoHtion of tht 
light angled tiiangles PD^, AEPy AFC, CGf, we get 

r 

■P'^= 935 o >45 toi^es. 

= 14213,24 
AF= 8566,08 
GG = 228 10,62 


^M= 54940,39 


Which Is the arc of the mendian pafEng through Kittis, and terminated by a 
perpendicular from Toinea. 

N 

990 The fame may be computed fiom the tuangles AGI/, CHK, CKT, 
HKN, HNP, NP^, by the refolution of which, we find i 3564,64^ 

iVii:= 25053,25, irr= 16695,84 toifcs, alfo ^d = iio 22' 54", knL — 

86^ 7'. 12", KTg=8f 48' fi hence, by the refolution of tlTe iidit anpled 
triangles, N^d, KNL, Kgt, we get, ' - o ^ 

Nd =13297,88 toifes ' 

KL =24995,83 
Kg =16651,05 , 

-■ 1 r 

j|M=5.^944,76 


The mean of thefe two values oi gives ^^^^=*54942,57 toiies. 

* •• r ^ " 

991. If we take the obfeivations fioni «, we may compute the value of .gM, 
from a great variety of tuangles Accoidingly, ten otheir values of .^M weie 

computed* 

» - ^ 




f 
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computed, the mean of which* gave ^ 3 /= 54922,1. The obfcivcis hoveyc; 
(for mafoiis jiot afligned in then account of the menfuiation) piefcn'!.' tlie 
deteiminations of fiom the mean of the two firft values of it. 

992 The next thing to be determined was to find the clegiccs in the an 
QM . Thi'i’was done by obfciving the clifFeience of the zenith diflances of the 
fame ftar akKittis and Tornea The inftrument they ufed for this puipofl; was 
• ^ made» by Mr Graham, and the divifions being veiified by a micrometei 

a^hpted to It, the error never amounted to abote or 5". 

*■ * 995 * The flar S T>raconts was obferved at Kiitis andTornea,'*and the difference 

of the zenith ‘diftances, aftei applying the pioper corrections, was found to be 
- , 57'-26",9 By as Drai.oms, it w^as found to be 57' 30'*, 4, the mean of thefe 

IS 57'. 28",7, but this IS not the arc ^M, bccaufe the point at Kiltiswheie 
the obfervation was made, was 3 toifes 4 feet 8 inches moie noith than the 
point and the point at Toinea where the obleivation was made, was 
73 toifes 4 feet 5I inches more fouth than the point fT, theie mufl alio be 
added 353^ toifes, becaufe the points ’T and ^are not in the fame meridian , 
^ the fum of thefe is 80,9, this added to 54942,57 gives 55023,47 the length of 
. an aic of 57' z 8 ", 6 s ; hence, 57'. 28",65 = 1° 57438 the length 

of a degree of the meridian at the place of meafuiement. But we muft fubtiafV 
• 16 toifes from this, on account of refiaCtion, which Maupertuis neglefted , 

• hence, the length of the degree becomes 57422 toifes. The latitude of the 
middle of was 66°. 20'. And by compaiing the length of this degree 

• with the length 57183 toifes of a degree meafured by M. Picard between 
Pans and Amiens, the latitude of the middle of which was 49'. 22', the earth 
was found (995) to be an oblate fpheroid, and the ratio of the diameters 
17*8 179. 

994 * In taking the angular diftance of two objeCts upon the eaitli with a 
^(]uadrant^, if they be at any altitude above 01 below the furface, that angular 
•diftance muft be reduced to the honzon, if we want itfoi the puipofe ofcaiiy- 
ing on a meafurera'bnt upon the earth’s furface , that reduction may be thus made. 
Let Z be the zenith, igfiV the honzon, A and i the two objeds, Find then 
• , altifudes NB, and al£o their diftance AB , then in the triangle ZAB, wc 
know aU the fides-, to find the angle Z, or the aic MN, which is the angulai 
diftance of the tvio objeCts reduced to the honzon. We avoid tins reduction 
howevei, when we obferve with a theodolite havidg two telefcopes which 

• move veitically on an horizontal axis. 

995. To 

• • • 

For this purpofe, tlie quadrant muft be fixed upon a centet, fo that it may' be put mto any 
pofttion. ^ • A / 

• Vi)L. IL 

• M 


07 


Fig 

2Z 
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f 9v 5 'io nnU die ratio oftlicdiamcicis, fioin the Icngclibof twodcgiecs lu tu 
known luuui.lo'', lel P/ be the earth’s axis, EPDp any niciidian, f. the eauvitoi, 
M any place, 'iiaw the tangent Mi meeting OE in /, and DOK paiallel to it, ali<^ 
jVfo., peipcndical ir to i\//, and Mr to OE, and kt M.i be the ladiiis of ctiua- 

,r XT , OP" "PO^X^OA. 

to JS'k Now by Conics, -rr~ > but Mn= c-j—, and OK = ;; — . 

^ Ma Mv _ ' Mu 

hence, Mx — ‘ ^ degree of lat tude mud 'raiy as il/.v, and*^ c».;n- ' 

" •• OP® MR^ 4 /P® c OP 

ftqiicnily as Mu^ Now P/= ~ x and hence, t-P = 


y OP. But OR’: 


0£" OP * 

■■ y PO’^-MR", , hence, t.’P®= 


OPl '< iVP- 

'op- 


confcqticntly Mv'*= 


OP ^ yMR ’^ 

but if ir=the fine of /i\/P, 


01 of latitude, AfP" = il/y" X T', by fubflitution theiefore, we get the value of 
OP* 

^Po'^= I + h-cnce, a degree of latitude, or vaiics ^ 

' ==_ ’ 3 

invcirdy as OE* x i - /--pOP^x Z" *, oi OE'- OE'—OP* But if 

the fjihcioul be veiy iieailj, a fpliere, and OP . OE : i : i -f J, then Mv^ vanes 

3 * 

invetfeJy as i -- aP/® oi invcifcly as r — very nearly, being vciy fmall. 
i-Tciicc, if ?, t be the lines of any two latitudes, and m and ii leprefeiiL the lengths 
of a dcgicc of each lefpcctivcly, weluve ?,i • n i-ylf i — coiiL- 


f. , , ?)l — u 

fequently d — — ^ 

- yit' ^ yap* — yiP 


Hcncc, the ratter of the d'aracters I'S as 


596. Now the length of a degree in difteient latitudes is,-- accoiding-to 


MAtrPFRTUIS 


m latitude 66 " 26 ' 


Cassini and dc la Caiexe 

r 

BoacovicH 

JuAH and Ulloa -j 
Bouguer > . 

De la CoNDAMINE J 
Mason and Dixon . . 


at die equafor 


39. 12. 


Toifis. ^ 

5742a 

57069 

5702S 

56979 ' 

■56768 ^ 

56753^ 
-56750 
5688S ' 


H0CO, 
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Hence, wc get tlie following*iaiios of the diaincteii) of the ciith , 


l, 5 t. 66“ 

• 

zo 

’ and 49'’ 23' . . 

• » 

• g've 

r 30 


or 

200 

201,54. 

66. 

zo 

and 45. 0 . , 

• • 

, . give 

150 

151, 

or 

200 

. 201 , 33 - 

• 

> zo 

and 43. 0 . . 

• • 


H 7 

148, 

01 

zoo 

20;, 36 

66. 

20 

and 39. 12 . . 

• • 

give 

140 

III. 

Ol 

zoo 

-'Ot. 43 » 

, 66. 

ZO 

and at equal by 

Bo 

UGirt R 

216 

217, 

01 

zoo 

200,92 

49. 

23 

and at equal, by 

BoiTGiri-R 

312 


01 

200 

200,63 

39 - 

12 

and at cquat by 

Bo 

UGiri R. 

370 

•^ 7 ^. 

or 

2^0 

200,51 

6 £>. 

ZO 

and mean at the equator 

217 

• 218, 

01 

ZOO ' 

200,92. 

• 45 * 

0 

and 49“. 23' 


. give 

321 

322* 

or 

ZOO 

200,§2. 

• 45 - 

0 

and 39. 12 . 

• 

. gue 

112 ' 

H 3 , 

01 

200 

201,78 

45 * 

0 

and at equal by 

Bo 

x. cum 


31a. 

Ol 

200 

200,64. 

43 

0 

and 39“. 12' . . 

• • 

. gl'C 

109 

. no, 

01 

200 . 

. 201,83. 


997 The mean of all the confequents of the lad lauo is 201,13; hence, 
the latio of the dumcteis from.the mean of thcle twehe compaufons is zoo : 
201,13, 01 reduced to that ratio, the diffeicncc of whofe terms is unity, it is 
177 178, which IS ^993) extremely near to the latio deduced from tlic mea- 

furement at the polar ciiclc and in Fiance. But the great diffeience of the 
.lefults fiom the different compaufons, fliow that we cannot depend upon the 
accuracy of the mean latio. Indeed, other authors have deduced a mean rauo 
horn incnfuiation, agreeing veiy nearly with Sii L Newton. 

998. In the ycai 173?, when M. Bouguer was at Peru, meafuiing a de- 
gree of longitude, it occuiicd to him to put the Newtonian theory of gravity 
to the teft, by examining the attraftion of mountains. This he communicated 
to his colleague M de la Co nd amine, and they made the trial upon the 
mountain Chimboiaco, the attraftion of which they judged would be about 
*the 2000th part of the attiadlion of the whole eaith, and thercfoie they con- 
cluded that a plumb line would be diawn out of it’s vertical fituation thiough 
an angle of i'. 43" towds the mountain ; whereas it amounted only to 7I-". 
But* the (experiments wer^ made undei fo many difad vantages, that no great 
dependence ^can be placed upon the accuracy of the lefult. This fatisficd them 
howevei that the»mouiitain had an attraftion, although it was much lefs than 
what was expeded from it’s bulk. But it appealed,* that this mountain had 
^ once been .a Volcano, and therefore was probably hollow in many places. M. 
BcTijcwjer Concludes his* aceount thus “ that as in Fiance or in England, a 
hili may be foulid of fuJEcient height for the puipofc, and efpecially if the ob- 
feiwer would double the adion, by making a fLation on each fide, he lliauld be 
happy to hear on hi? letuin to Europe, that the experiment had been repeated, 
• , N a whetliei 
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whether the refult tended to confirm his obfertations, oi to thiow fomc batiei 
light upon that enquny.” Accordingly, the Royal Society lequefj-cd Di. Mas- 
KFEYNE to lindeitake the bufinefs, who repeated the experiments upon Schc- 
hallien m Scotland, with an excellent zenith fedloi, made by Mi. Sisson i 
his Majesty very liberally undertaking to defiay the expenfes. ' FicJra ,obfer- 
vau«ns of ten ftars near the zenith, he found the difference of latitudes of tlic 
two ftations on the oppofite fides of the mountain, to be 54", 6 , and by a 
meafurement by triangles,* he found the diftance of the two parallels td'bc 
4364,4 feet, aii 4 veiing, in that latitude, to an aicoftlie ineudian of .4,2", 94, 
which ^is ii",6 Icfs than by obfeivation , it’s half therefoie, 5", 8," is die cficdt of 
the atliadtion of the mountain , and fioin it’s magnitude, compaiod with the 
bulk of the whole eaith, Dr Maskelyne difcovered the mean dcnlut of the 
eaith to be about double that oi the mountain Thus, the doaiinc ol 
Gi (miiation'^ is fiiinly eftabliflaed. Dr. Hutton m the Phi Tnwf. foi 1778, 

iias 

* Djf Maskely Ni deduced the following coniequenccs ; 

1 It appears from this etperirnent, tliat the mountam Schehailien exerts a fenfible attiaaum , 
theiefoie, from the rules of philofopliiling, we aie to conclude, that eveiy mountain, and mdttd 

eveiypaiticle ef the eaith, is endued iwith the fame property, lu propoition to it’s qu.uitit\ of 
inattei 

2 The law of the vaiiation of this force, m the inveife ,aUo of the fquaies of the didance s, .k' 

ttn n confiimed by thu experiment Poi, if the foice of attrai - 

tion of the hill iul been only to that of the eaith, as the matlei in the hill to that of the earth, 
and had not been greatly inciealed by the neai approach to it’s center, the attiaftioa theieof imitl 

‘ncan denfity of the eaith to be 
double to that of the hill which feems veiy piobable from other confideiations, the attiaaiop of 
the hill iviU be reconciled to the geneial law ot the vanauon of attraftion m the iiiveife dupliLiie 
1 ^ deduced by Sir I Newtqn from the companfon of the modon of the 

tdlbe prefemd 

3 We may now, therefore, be allowed to admit this law , and to acknowlede-e that the mem' 

drttr of 4 = .. M table of to ,t fc f„ 4 ce, ta Si .ho of 

he internal paits of the earth is much greater than nca tj.e fuiface./ Hence dh, the whole qiL 
tity of matter in the eaith will be at leaft as gieat again as if it liacf been all compofed of iJaitcr 
of the &me denfity with thatatthefuifr.ee, or will be about four 01 fire times asieit is^U 

eie all compofed of water The idea tlius aFoided us, from this expoiiment, of the %rcit den 

InTct ^ r * ^ «felf from tlie pi opeily of 

an arch, with an unmenfe vacuity m the nndft of it But, were that the cafe the ^ 

mountains, and eyen fmaUer inequalities m the earth’s fur&ce. .wpuld be vay -leat t * 

Snd'Sdo 'LdT more fTun^wc 

they do, and the variation of giavity m difrfe.ent 1 ititudes m going from the eciuitm tim ' 

"»*' >• « tao. ft..d bf 
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has calculated tlie attiaflion of this mountain fiom the obfervations of Di Mas- « 
KELYNe, andffound that the denfity of the mountain was to the mean denfity 
of tlie eaith as 5 9 , now the denfity of the mountain was found to be to the 

denfity oLjair^ water as , hence, the mean denfity of the earth is to the 

denfity of rain water as 4| : i. The internal paits of the earth aie therefore 
much denferThan thofe at the luiface, but in what manner the denfe parts are 
difpofe^ mufl be uncertain If we fuppofc the eaith.at fiift to have been in a 
fluiii ftate, and the cfjfFerent parts tojhave taken then places according to their 
’giavit}'? the cenl:ial parts mufl; be the mofl: denfe, tijs effeds'^of which upon 
the ratio of the diameters of the earth we fliall afterwards fl^te. • 

, 999« The vibration of pendulums upon diifcient paits of the eaith have 

been ufed as a means to dctciminc the latio of it’s diametcis , for this purpofe, 
we mufl; find the foice of giavity upon different paits of it’s furface. To 
inveiligate this, let Pp be the polai, and Pi^the equatoiial diametci By 

Art 976 the attiadion at AJ peipendiculai to the furfacc vanes as But 

^ I =the mean ladius of the eaith, and i -^-e—RO, then (882) MO = i + e x 

cof. 2MOE, hence, - = i - <? x cof 2MOE = i - 

MO i+excoLzMOE 

•f ^rx vei. fin. zMOE , therefore the mcreafe of attradion from the equator to 
tlie poles varies as the veifed fine of double the latitude very nearly, or as the 
Iquaie of the fine of the latitude , , which is the fame ratio as that by which the 
degrees of latitude increale. 

1000 If the time of vibration of a pendulum be given, the length vanes as 
the gravity, and conlequently (976} mveifely as MO Hence, the length of 
a pendulum vibiating feconds, increafes as it is earned towards the poles. If 
theicfore the length ot a pendulum vibrating feconds m two latitudes could be 
afcuiately afcertained, we might afcertain the ratio of the diameteis of the 
earth, the denfity of.the earth being fuppofed to be uniform Now it is found 
by obfcuations, that th* length of a pendulum vibrating feconds incieafes 
from 4 hc equator towards* the poles, agreeable to what ought to take place ac- 
cording to «ui jheoiy , but if we deduce the ratio-of the diameters of the eaith 
• d fiom 

• 

^ 4 deypifity of tli| fuTjerficial paits of the earth, being, ho'w<ever, fufRcient to pioduce fenfible 
defifeiions in thck plumb-1 ineb of «lkonomical inlliuments, will thereby caufe appaient inequalities 
Ml the mcnfurations of degrees m the meridian, and therefore it becomes a matter of gieat impoi#» 
tanco to chufi? thofe places for meafuring degiees, wheie the irregulai attradlions of the elSvated 
be fmall, oi in feme mcafure compenfate one another, or elfe it will be necelTaiy to» 
Iniakc allowance^ for their which cannot but be a work of gi^at difSculty,. and peihaps. 
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A Table of the Lengths of a Pendulum^ in French Lines, vibrating 
Seconds upon the Surface of the Earth, from the Observations 
made at Peru, Pans, and Spitsbergen, 


Degiees 


Length of the 
Pendulum. 


Lines. ^ Degiees Lines. 


3 


439 »i 6 
439 »i 8 
43-9,20 
439,22 
43 9 >24 


39556 

39*59 

210,62 


439>9S. 

1440,00 

440104 

440,08 

440513 


440,17 

440,22 

440,27 

440*31 

440*35 


440,40 

440,45 

440,49 

440,54 

440,58 


440,62 

440,65 

440,68 

440,71 

440,75 


440,79 

440,82 

440,85 

440,88 

440,92 


Lad- Length of the 
tude. Pendulum; 


Degreft Lines. 


441,04 


66 

67 I 441,1a 

68 

69 

70 I 441,20 


441,22 

441,24 

441,26 

441,29 

44 f» 3 i 


44 ^f 39 

45; ,40 
- 441,41 
441,4a 
, ^41,43 




























ON THE ^IGTTRE OF THE EARTH. 


This Table is computed upoa fuppofition.that the increale of the length of 
the pendulum is as the fquare of the line of the latitude ; for when the time of’ 
vibratiSn is tfie fame, the lengths vary as the forces , therefore the variation 
of the lengths vary as the variation of the forces, or (999) as the fquare of the 
fine of latitude. 


• The ratio of the diameteis of Jupiter is lefs (982) than that given by 
thedry, upon fuppofition that it is homogeneous, wh'ich M. Ciairaut lliows 

•’may happen, if Jupiter have amucleus denfer than ths other pra-t of the planet, 
with a ^certa,in elliptic form (1002). It is therefore unnecelTary to fuppofe, 
with'Sir I. Newton, that Jupiter is more denfe towarcis it’s equator, and 
which (he thinks) may arife from the heat of the fun at thofe parts But this 
IS much more likely to be the cafe with our earth than with Jupiter, and yet 
Sir Isaac thinks that the earth is denfer towards the center. He appears to 
have been led into his conjectures, from thinking, that an increafe of flatnefs 
of the body mufl. be attended with a greater increafe of weight in going fiom 
^the equatoi to the poles, than* if the body had been homogeneous, which 

• (1Q03) IS not neceffarily the cafe. The gieater denfity of the internal parts 
of the earth, and the variation of gravity upon it’s fuiface, feem to favour the 

• fuppofition that the difference of the diameteis is lefs than that which Sir 
{, Newton has determined. M. de la Lanue affumes the difference to be 

part of the whole. ‘ ^ 

300 ^ 

1008. The horizontal parallax of the moon is as the radius of the eaith 
diraftly, and the diftance of the moon fiom the center of the earth inveifely. 
The difl.ance of the moon therefoie being known, if we know alfo it’s horizontal 
parallax, the radius of the caitji will be known. If thcicfoie two radii of the 
earth in two known latitudes be thus determined, the figuieof the earth may be 
found But obferv|tioni of fufficient accuracy to fettle this mattei, have never 
becii made It has alfo .been propofed to find the ratio of the diameteis of the 
eartlj fiom foLir eclipfes,‘*as the computation of the paiallax of the moon, and 
• confcquently the times of the beginning and end of fuch an eclipfe, will vaiy 
according; as, the ratio of thd diameteis of the eaith vary. M. de la Lands 

• j 

thinks th.’t a diffuence.of of the diameters will make fuch computations 

bgft agiedwith otfcfvauqns. From a confideration of all the ciicumflances, 
,it IS prtibablc that the diSeie^ce of the polai and equaioiial diameters of the 
, ‘"'irtn, is lefs than that w\ich is determined by Su I Newton. 

• * 02 1009. The 


f 


loS 


Fig. 

218. 


ON THE FIGURE OF THE EARTH. 

^ 1009. The length of a degree of latitude at the equatoi, taking the mean of 

three meafuies, is 5 ^ 75^1 todes, which multiplied by 6 gives 340i;4o Ficncli 
feet, and as a Pans foot an Englifh foot -4,263 4 > a degree at the equatoi 
in Englifh feet is 362930,5, hence, the circumference, coirefponding to this arc 
of i", IS 130654980, the radius of which is 3938,334 miles, Whidi we may 
con€der as the radius of curvatuie at'the equator AfTume 030 .v and a-’iA? 

for the polar and equatorial radii; then, by Comes, = 3938',3.54 , 

hence, 230.^= niiles the polai radii»s, jind 2311; = 

j 97^’5 equatorial radius, and the difference of the two radii = iy,i nulcs 
flora this ratio of the di,ameteis; atfo, the mean radius =3963,95 which we " 
may take 3964. Now the citcumference correfponding to this mean radius 
IS 24907, confequently the length of a degree correfponding to this mean 
radius, or a mean dcgice, will be 69,2 miles. 

1010 By Art 995 the length of a degree vanes inveifely as x — 
now at the equator r=o , hence, the lengA of a degree at the equator V 
length m any oihei latitude - 1-3^?** : i , thus the length ot a degiee foi 
any latitude may be Computed Hence alfo, the mciemenl of a decree from 
the equatoi to the pole will incieafe as 3^/r% or as the fquaic Sf the line 
of latitude. And as the length of a degree muft be in piopoition to the 
radius of cuivatiire, the variation of the radius of cuivalurc ot an clhpfc 

whidi IS voiy neaiiy a cade, mull be as the iquaie of the line of 
latitade. 

loi I. To find 'the angle OMv between a perpendicuki Mv to the fuifoce 
and MO drawn to the centei. Let PO = 1. OeI 1 + ^ then 


put OR =x, and draw vr perpendicular to MO' Now Rv = ax- 


1 +2i/ 


~ X 


XI 2 ^ 1 , therefore 0 u = 2^;«= 2 ixcof. lar nearly , but /■v=Ovx fm vOc 
= Ot;xfin lat nearly, thciefoie r2; = 2ix cof lat >fin lar ncailv = ixfin 
2 lat nearly, and th^is the fine of vMO to radius Mv i.hich wc may .on- 

fider here as unity. This angle OM v is the redu'clion of the clevaFion of the 
polo in Art 173 - 

1012. The earth being fuppofed to be a fphere, the length of a degree of 
longitude, as you go fiom the equator to the poles, de«reafes-aa the arcs' of' 
the circles parallel to the equator intercepted betoArSeh any two tdendms'de- 
creafe^ which arcs ^e as their radii, or as the cofiaCh of latitude , therefore ' 
radius : cof. of latitude :: the length of a degree of longitude at the equS 

: the 


r 



• , ON THI, /IgURE of the EARTH. 

• the length of a degree of longitude at that latitude. But as the earth is a 
Ipheroid^ this gilc will want a little coirediion. Let POj) be the axis of the 
earth, EPUp a meiidian, EOU adiametei of the equator, then the latitude 
of M IS MvE, and the angh vMO is given m Art loii. therefore Aft'S 
-vMO = M 6 E is known, hence, we get ^OM. But (882) if unity r- 
prefent the inean ladms of the earth, and e = the. difference between 4 he 
, • meaji 4nd the greatefl or leaft radii, then will i + e cof iMOE = MO, 
hench, knowing l^OM and MO, we find ^M, and* this we rauft ufe mfhead 
•of tlie^ofine of the latitude, in order to find thelengfh'of a c?egree of longi- 
tude upon die Vurface of the earth. The length of a degree therefore ^ing 
knowti foi one latitude, the 'length fot every other latitude may be found. 
*Hence* the calculations for the following Table may be made by this Article 
and Article 1010 


109 




OS THE FIGURE OF THE EARTH. 


1013. The figure of the eaith is fo neai tliat of a fphere, that in eftimating 
it’s magnitude, we may confider it as a fphere whofe radius is 'the me^n radius 
of the earth. Now this mean ladius is 3964 miles, hence, 3964x6,28318 
= 24907 miles the ciicumfeience, alfb, 3964'‘x 3,14139265 x 4= 197459101 
thf number of fquare miles upon the earth’s furfacc , laflly, 3964® x 
4,188790204785 = 260909292265 the number of cubic miles Contained in the 
eaith. Dr. Lono eftimated the proportion of the land and water upon the ' . 

furface of the^aith, fb far as difcoveiies had then been made, m the follojsring 
manner He took the'^’paper off a teireftrial globe, and then,cut out the land 
from the fea, and weighed the two parts; by this means he found the piopoi- 
tion of the water to the land as 349 : 1 24. The conclufion would he moie 
accurate, if the land were cut out from the £ba b^ore the paper was put upon 
the globe. After all the modem difcovenes, this method would piobably give 
the proportion of land to water, to a confiderable degice of accuracy. 
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CHAP. XXXIV. 


ON THE PRECESSION OE THE EQUINOXES, ANp THE NUTATION OF 
.• * THE earth's axis. 


Art. *ioi4« T*T has already beea obfeived (148), that the eqmnodtial 
• A points have a letiograde motion of ahbut 50I" in a* year- 

Sir I.’Newton was the firft who accounted for this motion. Having proved 
that, from the centrifugal force of the parts of the eaith aiifing from it’s sta- 
tion, the equatorial diameter muft be greater than the polar, he pioceeded to 
ftiow, that if we conceive a fpheic to be infcribed in the earth, the attiaftion 
of the fun and moon upon the cxcefs of the quantity of matter in the earth 
above that of the fphere will c.aufe a motion in the plane of the equator, and 
• make- the points wheie it interfeas the ecliptic go backwaids upon it. But 
although he afligned the true caufe of the preceffion, it is acknowledged that 
he fell into an enor in liis mvetligation of the efiedt. Without, however, any 
, inquiry relative to the circumftances in which he has erred, I IhaLl fliow how 
We may obtain a true folucion flora the common punciples of motion. 

loijj. Let S be the fun, ABDC the earth, T it’s center, JE^the equator, 
P, p the poles, draw C’TB perpendicular to SAD, and join SE, which pioduce 
to,meet CB in K. Call the ladius ^E unity, and let the force of the fun on 

a partiele at S" be , then the force on a particle at E =-7Y,i ; hence, if we 

.refolve this latter force m two others, one in the diicdion ET and the other 

in adiiedtion pamllel to IPS, we have SE 


SP .. : the foice m the di- 


sr 


ST 




omitting the othcji 


Hence, the force v ith which 


itcinon parallel to 5 rS= _ 

,* St-EK^ 

terms of the fenes on account of their fmallncfs. 

a particle at E h diawn ftom C£ = ^^^, confequenriy the eflFeft of this foicc 
ih-a^iiredhion perpend icu'ly to Et will bence, tins foico 


'>14* foice* of the fun on a pai title at T 
VoL Ih 


lEICyKT 


I 

5r 


p 


lEKx KT . ST 
Now 


Fig. 

224. 


0 


1 . 


314 PRECESSION OF THE.'EaD'INOXES, ^ 

Now if P = the periodic time of tlie earth, p = the peiiodic tunc of a body 
revolving at the eaitli’s furkce, then (858) the force of the earth to the fun : 

S 7 * f *■ 

force of the body to the eaich, or the force of giavity, : , hence, the 

P" p- 

foice on a paiucle at E peipendicuLii to jE 2" • force ; 

zEK^x K'E X p® 

' 7 >^ 

10 1 0 Let i-' be <lie center of gyiaiion, and put Jkr=the quantity ot mavi*a 
ill the caitli, tlie^i the tiled: of the ineitia ofikf placed at w^to oppofe the com- 
municxtion oi inouon is tlic fame as the e£fc< 5 t of the ineitia of the^'arth ^ and 
hence, 'PB" 7 («=- ; ^jE®) . A/ \ which is the quantity oi mijtttr 

to be placed at F. to ha\e the fame efied. *' 

Fig. 1017. Let reprefent the earth,, P, p it’s poles, P^ihe cquatoi, 

225. Pepj a fpheic whofe diameter is the axis PPp, FA a radius diieded to the 
fun, and CFB a plane peipendiculai to it, PXp a gieat circle peipcndicuLu 
to PEAp^, and let IR rcpielent a fmall ciicle- parallel to the equator, take 
the arc XL — X/, and diaw Li\/, hu, XT pcrpeiidiculai to the plane CDl 
Now (847) the diduibing force of the fun at L, I, in the duedions ilLE, ml 
aic as MLt />>}, conlequcntly tlicfc forces arc the fame as they would be if the 
corpufcles at L, I were oithograpliically piojeded upon the plane CABD ; let 
us therefore conceive. the whole matter m the eaith to be thus piojeiled. 
Diaw hi paiallcl to P C , put p— 3,1,^159 &c. 4 = the mean ladius of 
the earth, Ee = /n^ i —IX on the proicdion, 2'X=‘y, j=fin AFE, 4 -col 
AFEt the aic XL^ or XI — and j = iin XL, then (in the piojedion) lti=. 
NX=sy, Xn=NL=scy, XT—sv and TT=cv, therefoie LAI - sv-i-cy, 
Im-sv-cy, TM-cv- sy, and Fm=zcvA-sy. -Now the forces at L aiid I '111 
the diicdions ML, ml, being as ML, ml, their effedts to turn the eailh 
about F 111 the dircdion BAC are as ML x My-ancl mlxmF, 01 the wliolc 
efFedls are as sv-\-cyx cni — sy-^rsv -cy x cvA-sy = zcj x - y\ ihcrcfoie the 
fluxion oi the force of all the matiei in the circumference fR is^as zi j x'v 
hence, the fluxion of the foice to turn the earth in tjle diiedion CAB is as 
. 

zesz X y^ — = 2CS X " . — 2 CSV z, whofef fluent, when y = ?, js 

\pi xcs A r - 2V the force upon the Icmu ircumfercncc IR , h(»nce, the force on 
that whole circumference : 

•KT ^ 

Now a\r . m 


•pr xcs xf -Qv = (as r* »- 1;“) p xcs x a - 3^-. 
; P = — , hence, the fluxion of the force of the annufus IieE' 

Cl <**■ 


mr 


IS as pr X — xn‘yxa®~3‘y': 


pmes 


— X.V y a — v"’ X 
a 


'3"^ 


!t>mcs 


a 


A 


a^‘o 



au7> T’Un m’h.ixom. ov .THat sarth’s asj>. 


a*v 


X a*, 


■which IS as* 


4£7^’'y-!-3 v'hofe fluent, ■when v— <7, is 
the whole foicc on the raattei cxteiioi to the fphere Pepq, on one fide of E^, 




hence. — * x a* is as the whole force of the fun upon the caith to turn it 

about in the diredion CAB. Now a-\-^fn=:TE,'i 3 —lfti—'Tei hence' the 
fokd ‘content of the fpheroid = ^ px a- Imx a 4- J m'' =-^ pa^ pfna^ v eiy 
naarJy; and the cemtent of the liiheie =" px a-‘\n^ pa^ — ipma'’ veiv" 
nearly, the diifeience of thele is \pma^ the content bf the pait cxtcuor to the' 

.8 % • 

fphere, place one fifth of this mattei, that is, — pmo^^ at £, then as EK=cat 

g 

and =sa. the etfedt of the fun to turn the matter — pmu’^ at E about 
8 

?"= — pmesa*, which is equal to the effedt of the fiin upon the whole cailh 

15 . 

to turn It about it’s center. Hence, the cfTefl: of the fun upon the niaitci of 
»the ea?th exterior to the Ipheie to luiii it about it’s ccntci, is equal to the effed 
hich ivould be produced if one fifth pait of that mattci were placed at E, 
1018. Put j=Uie quantity of matter in the caith above that of it’s infciibcd 
^fphere, now (1017) the attiadion upon the matter extciioi to the fpheie 
would generate an angular velocity about an axis perpendicular to CABD, ^ 
equal to the angular velocity which would be generated in a quantity of mattei 
= 1 5 placed at E. Let u? therefore fuppofe the fun’s attradion perpendicular 
to El to be exerted upon a quantity of matter at — to | g, and at the lame 

time to have a quantity of matter to move = \ M, and tlicn (1016, 1017) 

It appeals, tljat the effed will be the fame as the acccleiatuc foirc of the lun 
to turn about the earth, flence, that acceleratite foice to (1015) equal to 

:%PKx_^xfx^,q zEKxKTxp^xi NowifrL' ■ i i-r 

fikTxP' . zMxP* . iNowir /X. . .. I 1 r, 

then M . M—q :: i > i — 27, theiefore M : q “ i ; 2>, hence, 




2iV/ 

coufcquehrly the accelerative force = ^ , the force of gratity 

on the earth being unity. ^ 

•• *1019.^ Let 2:=the arc dcfciibed by a point of the equator abo;Ut it’s axis in 
.Jn»iqjiefinJtely fi-nall givea J;ime, which may theiefore reprefent it’s velocity j 
• an^ let az lepiefent the aic defenbed in the fame time by a body revolving 

ahbut the eartli at it’s furface , then -^=the fagitta of the arc defeubed by 

. * p 2 the 
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ON THE PRECESSION OP TH^ EQjriNOXES, 

^the body in the fame time, and confequently o’‘S!®=the velocity generated by 

gravity ■wliilft a pomt of the equator defcnbes z. Hence -CioiS), i • 

7,EK '< KTx X r ^ o^EKx K’Txp^ xrxa^z^ 1.1 r , 

2 j-z •: « « pi the velocity of the 

point E peipendicular to ET, generated by the adion of the fun vvhiift the 
equjitor defcnbes z about it’s axis , confequently the latio of thefe velocities 
‘lEKxKTxp^x} X a^Z 

rr • ‘ I • -• 


IS as 


E- 


Fig. 

az6 


1020 Let jK'be an ai« clefcribed by the fun in the ecliptic to a raclius,equal ' 
to iiiiity, whilft a point of the equatoi defcnbes z about it’s axis, Then’ (as ap 
= the time ot the earth’s rotation, and the arcs defcribed in equal times to 

'll • ^ 

equal radii are inverfely as the periodic times,) : — ,:y ■ s= -i-, hence, 

XT ap a p 

if V and zv be put for the fine and cofine of the fun’s declination, the latio of 
the velocities in the lafi: Article becomes i. 

1021 Hence, if SJL be the ecliptic to the radius unity, P the place of 
the fun, S£L the equator, EE the fun’s declination, and we take Ec ; r/r"* 

{(k being perpendicular to jEr) : i • , and through el, E, deicnbe 

the great ciiclc TEMy then will ST be the pieccflion of the equinox, duiing* 

the time the fun delciibcs j in the ecliptic , hence, Ed, or Ee, 01 1, di, Oi 

^ap 7 vivy 'lapivwxTin SExy , - , . 

SE : 6P=: — i -p =i, therefore the fin. STF, oi 

n j 7 fh v er ) rfb^ •fifi 

BSP, 


Px fin. ESP 


1022 


Now 


V 


fin ESP 

fin SP X cof. S P 


— fni. SP, and w. 
cof. ESP 


cof. SP 
Cof. ES ’ 


hence, 


vw 


but 


col ES ’ tan ES x cot SP 
fin SPx cof SP X cof ESP fin S'P®xcof ESfi, 


licDce, 


lin. ESP 

V iV * 


col ES X tan ES x cot. SP 


lin ES 


lin. ESP 
confequently S% = 


j^prxfi n SP‘ xcof. ESPx y _ ^ z,aprxcoi'E SF xjPx 

n \ '’ ) ~ 7 >« . T z 




X 1 — and when i, -becomes 


V r ^ '< cof. ESP 

wnole fluent is ^ x 

zP 

n^atr ESP X m , . 

ip bemg now a quadrant} the arc of preceflTpn whflft 

the fun deferrbes 90*" from the equinox s and to find the degrees, fay 4^ 

360^ 





AND THE NUTATION OF THE EARTH’s AXIS. 


360“ 


'lapr '< cof ESP xm „ 

. T TP = 36 c.V 


<iaprx cof ESP ^ . 

2 ~-£- — 5 confequcntly the pre- 


ceffion in a year =360° x S'". This would be the 

piecelSon*of the equinox arifing from the attraftion of the fun, if the earth 
were folid of an uniform denfity, and the ratio of therliameters as 229 250 , 

but*fie*ni what follows, if the greateft nutation of the earth’s axis be lightly 
afce/tained, the prec^ffion is only about whicli dilFerence between the 

‘theoiy and whatsis deduced from obfer^ation, mufi; arif*, either ffom the fluidity 
of theeaith*s fuiface, an increafe of denfity towards the ^center, or the, ratio 
,of thejiiameters being dilFeient from that which is heie afilimed, or probably 
fiom all the caufes conjointly. This regreflion of the equinoxes (caufed by 
the plane of the equator moving backwards upon the ecliptic) muft. neceflarily 
caufe the poles of the earth to defenbe circles about the poles of the ecliptic, in 
a dirediion contiary to the order of the figns, fetting aCde the effed of nutation. 

1023 Having afcertained the preceflion, the correfponding nutation may 

^e imrnediately found thus Take SB — SA = go'‘, and draw the great cucle 

BhJ, then BA is the meafure of the angle BSA (12), and as we may 

confidei Tb and to be each equal to 90° without any fenfible erroi, Ai will 

be the meafure of the angle bTA , hence, Bb will meafure the diffeience ol 

the angles BSA, b TA, or the variation of the inclination of the equator to the 

ecliptic, or the nutation of the axis of the equator Now 5T Bb , fin. 

. fin. BE, 01 cof SE, :. tan. SE rad j al(b, ST . SV rad. fin. T, hence, 

ST : Bb : tan SE fin. T, but tan, SE=co£ T x tan. TP , therefore Bb = 

^ T» ecT- v cof ESP X Ax , , . , ^ 

But ST= — .. , and x being the fine oi 

Px,/i - 


X fin. 


cof T X tan. 1 F * 

• • 

TP, It’s tangent = 






,, ‘hence, (confidering the angles ESP and T as 


3^/5?- y fin ESP X XX , r n . ^aprxftn ESPxx^ , 
equal) Bb= — '■ — — , wliofe fluent is — j, -- the 


aic qf nutat’on whilfl: th*e fun defcribes 5 P, and if »z=:anaic of 90” of the 

I r ' n. I • ^ o ‘iaprxSu ESPxic''' 

ctliptic yrom Aries, we have, 4m 360® - ^ ■- 

3(ryi X fin ESP 


360® 


,3 apt ^ fill 


ErSP* 


^Pm 


the angle of nutation; and when .v=i, we hare, ytx.® 
for whole nutation whilft the 'fun moves from the 


cqufnox to the tmpic. 'W’liilfl the fun moves from the equinox to the tt'opic, 
BA* IS gi eater than bA, and therefore the inclination of the equator to the 
ecliptic d(,cr«ales , but fiom the tropic to the equinox, BA is lefs than bA, and 
• • ' therefore 


ON THL PR>0ESS1UN OF THC ECii' I if 031 F 1, 

r Llicrefore the inclination increaies Nov/ the nuti't'on \aue& as the Jqiuio of 
the fine of the fun’s lonP^itudc, and as a- ircieaks till the fu^-i come? to the 
tropic, and then dccieaLs ag/in until it con os to ihe equinox, when it ib = o, 
the inclination, fioiii this caulc, is lealf when the inn is at ijio tropic, and 
gieatefl: when the fun conies to the cquino>, and is then the lame ,fs at the 
pichcdiiig equinox " ** 

1024 Hence, the piepeffion during the f^in's motion horn the equi'ho:^. to 
the tiopic the nutation at an)'- time • cof ESP . ^ 


m 


7/2 


^ 777 il't’ ^'^<■'^ 1 ' pieceffion coriclpondingto the longitude upon foppofuion 


r 

tan kSP y v", and qt the tropic, this latio becomes az . tan ESP,^oi as 1,5708 
>434’^ Hence, if we take the -whole pieceliion for the time the lun is moving 
lioin the equinox to the tiopic to be’ one fotnth of 14,)", the nutation at the' 
tiopic = i", -winch IS the gieatefl nutation atifing horn the foiee of the fun, 
X at the tiopic being the gieatcR Hcnte, the nu'ction from the time the fun 
leaves the eqiunox= i"x l"x tol zy , and at 45“ from the equinoxes, 

the inclination is the mean, itvaiying hall a fccond each way tioni thence. 
Hence, at the equinoxes, the nutation = i",* and at the tiop c, the mitatioij 
= - I" liom the mean inilination, and the nutation at any time fiom the 
mean inclination = -]'' cof, zy 

3025. To find the equation of the precoflion, we have m y •. J of 14*" ; 

JL 

qzK 

that the annual ptcccflioii aiifingfiom the force of the fun is 14^'''. Alfb (1022), 
the tnean prcccflion correfponding to the loi-igitudc m is '=1- /'^ ^ ^ 

ncnce, m y Z_J ^ i tlie m.'C’n piecef- 

fion correfponding to the longitude jy , but the true preceffion in the fante 
• . . » iOrxcof ESP 

ime IS (1022) r-— — A' v/i — fiom which take (he mean 

preceffion, and we have ^ y—. Po,. of 

preceffio n, wh ich therefore is to the mean pieceffion as — y •, 

-zx s/i-x- 2jy ; , - fin, 2JV zy But the mean preceffion at the ffime 
time IS 14I X hence, sv ■ — fin. 2y •; 144" x ^ fin- ^ t* 

V ^ "lu "Li preceffion. . Hence, this cquaticwt is" 

greateft jn the middle point between the equinox and tropic, and is tfeere 

ZLr ’ f the firft and third quadiants of the 

ecliptic, and added in the fecond and fourth. 


ro 26 T Let 



^ AND THE NUTATION OF THE EAETH’s AXIS. 

1026. Let £ be the pole of^the ecliptic ff L, P the mean pole of the 
equator, about which as a centei defcnbe the ciicle^i3r<^ with a radius =|", 
diaw EcJPaC, aifll make the angle aPp= twice the motion of the fun in longitude 
fiom the equinox, and p will reprefent the tiue place of the pole, veiy neaily. 

. . • 

For : Pr :• rad. : fii;i ly 

" . Pr Cm fin 23" 28' : rad. * * 




. r 2v 

* '■'“fm 23“ 28' 


1'. 15" X fin zy 

% 




Which is (1025) veiy nearly the equation of preceffion, iT we therefore fup- 
pofe the tiue pole at p, it throv/s the tiopic from C to m, and the equinox as 
much fiom to t's <md this u the cafe till 7 = 90"; and asjy incrcafes fionx 
90’ to i8o% p lies on the othei fide of ECj and thiows the »Tue fiom the mean 
equinox on the othei fide of r to t". This agiees with Ait. 1025, w'heie 
the equation was Ihown to be negative in the /ofmer cafe, denoting theiebj 
the true to he at ‘v’^in icfpeft to r the mean equinox, and poflitne in the 
d'^noting the tiue to lie at in relped; to the mean equinox Allb, 
Pp~\ ' pT rad T- 1 cof 2jy, therefoie />>=J"xcof. 2V the nutation, 
which dimimlhcs the mean .inclination whilfl the fun palTcs fiom 45“ bcfoic 
tie tropic to 45° after, and increafes it for the other part, agiecable to 
Alt. 1024. Hence, the inequality of the preceffion, and the nutation, may be 
reprefented, by fuppofing the pole of the equator to defcnbe a cticle of 1" 
diameter about the mean pole every half year, making the true pole p to let 
off from a at the equinoxes, and to move in CQnJeq"‘’>iHa with an angular motion 
abou't P winch is equal to double the fun’s motion in longitude The appa- 
rent diflance tteiefjie of e\ciy flai from the pole ot the equator, wnll be fubicft 
to a vaiution of 1" tvi’ce in ayhai fiom this caufe This n>otion of the pole 
o 4 *the equatoi, Dr. Maskelyne has mcnlioncd in the Piclace to Ins Talks, 
publiflicdTii the firfi? Volume of his excellent Oblervalions. 




Oh tk* P^'etcfflon mid Nutaho/t ariji'iy fom the Adton of t'h‘ IMuon. 


1927. The iiiv-quahtyof the pieceffion of the cquinb*xes, and the nutation 
oftjie eartlTs-axis,*anftngfioni the attiadtion ol the nioon in dillercnt fiiuations 
qf It’s iftdes, waj difcovered l 3 y Di Bn ad ley ’'Vith his zenith Ldtoi fixed 
at VTanflcad, he informs us, that as foon as he difcovered the caufe, and lectled 
the l?ws of the abeiration of the fixed flais arifing fiom the piogieflive motion 

of 
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of liglit, his attention was excited by ano^ei miv phammenon, that is, an 
^ apparent change of declination in fome of the fixed liars , which feemed to 
be fenfibly greater about that time, than a preceflion of 50" In a year would 
have occafioned. In confequence of this he continued his obfeivations, and 
from 1727 to 1732 he found that fome of the Itais neat the ffoll^itial colure 
ha/d changed their declinations 9" or lo" lefs than a picceifion of 50" would 
have produced, and at the fame time, that otheis near the equmo£tiaj colure 
had altered their’s about the fame quantity more than fuch a pieceflion i}?ould 
have occalionfid, the noith pole of the equatoi feemiifg to have appioached 
the flats which come to the meiidian with the fun about tlie yeinal hquinox 
and ‘the winter folflice, and to have receded from thofc which come ^to the 
meridian with the fun about the autumnal equinox and fuinmer "foiltice*. 
Confidenng thefe circumltances, and the fituation of the afcending node of 
the moon’s 01 bit at the time when he fiill: began his obfervations, he fufpeded 
that the moon’s adion upon the equatorial parts of the eaith might pioduce 
thefe effedts for the plane of the moon’s oibit being at one time, above lo* 
more inclined to the plane of ihe equator, than at another, it was icafonablc to 
conclude, that the pait of the whole annual preceflion, which arifrs horn tl^c 
moon, would in diffeient yeais be vaiied in it’s quantity, whereas, the plane 
of the ecliptic, wheiein the fun appeals, keeping alwa3fs very neaily the lame 
inclination to the equatoi, that pait of the preceflTion which is owing to the fun, 
iniifl be the fame every year Hence it would follow, that although the mead 
annual picccfiion, pioceeding from the joint aftions of the fun and moon, was ^ 
50", yet the tuie annual pieceflion might fometimcs exceed, and fomctimes 
iall n-iori, of that mean quantity, according to the various fituations of the 
nodes of the moon’s 01 bit. In the year 172.7, the moon’s afccnding node wuis 
near the beginning of ^/cf, and confequently it’s orbit was asjnuch inclined 
K.) the equator as it can at any lime be, and .then the rrac annual pieccirion 
was lound, by his fiifl ycai’s obfervations, to be greater than the mcmt , a*id 
the ftais near the equinodul colure, whole declinations ^re mofl aliedled by 
pieceflion, had changed their’s above a tenth paitauore than a pieceflion of 
50" would have caufed The fucceeding yeais’ obfeivations piovccl ih<i fame 
thing, and in three oi tbui yenis’ time the difference became ib t;onfidcrable, “ 
as to leave no loom to fulped, that it uas owing to any impcrfciSiohs citliei in 
ihe inlliLiinent or oblfevations ' 

But fome of ilic llais which he obfcivcd, that were near the folfliual colure, , 
having appeared to move, during the fame time, m^a m5,nnSr coratiaiy to v^at 
they^ought to have done, by an increafe in the preceflion 5 and the deviations 
lii them being as remaikable as in the others, he perceived that' Ibnicthing . 
more than a mere change m the quantity of the preceflion, would be icquiliic 

to 
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to folve the phammenon. Upon compaiing his obfervations of ilars neai the • 
folfticia] colure, that were nearly oppofite in right afcenfion, he fouild that they 
weie equally afFedted by this caule, lor whilil y Dreconts appeared to have 
moved northward, the fmall itar, which is the thirty-fifth Camelopordah Hevel 
in the 'Bnti/li Catalogue^ feeraed to have gone as much towards the fouth , 
which &owed-,. that this apparent motion, m both tliefe ftars, might pioceed 
froip S, nutation of the earth s axis Upon making the like comparifbn be- 
^^tween the obfeivatioas of other ftars that he nearly oppofite insight afcenfion, 
'whatever their fituations were with refpea to the cardiilal points of the equator, 

It appeared that their change of declination was nearly equal, but contrary, 
,and fufh as a nutation of the earth’s axis would efFedt. 

The moon’s afcending node being got back towards the beginnino- of 
Capricorn in the year 173a, the liars neai the equinoaial coluic° appealed, 
about that time, to change then declinations no more than a piecellion of 50" 
inquired , whilft fome of thofe near the folfiitial colure altered then’s above 2," 
in a year lefs than they ought Soon after, he perceived the annual change of 
^eclmation of the foimer to be'diminiQied, fo as to become lejs than 50" of 
‘pmtelJion would caufe, and it continued to diminifli till the year 1 736, when 
the moon’s afcending node was about the beginning of Libra, and it’s orbit 
had the leqft inclination to the equator. By this time, fome of the ftais neai 
the folftitial coluie had altered their declinations iZ" lejs, fince the yeai 1727, 
than they ought to have done fiom a preccflion of 50" For y Dracoms, which 
in thofe nine yeais fhould have gone about Z" more fotitherly, was obfeived 111 
1736 to appear 10" more northerly than it did in 1727 

As this appearance of y Dr acorns indicated a diminution of the inclination 
of the eairh s axis to the ecliptic; and as it had been obfeived that that inclina- 
tion was regularly diminifhed,, if this phtenomenon depended upon fuch a 
cg.ufe, and amounted to 18" in nine years, the obliquity of the ecliptic would, 
at that rate, altei a^minute in 30 years, which v?as fafier than had been found 
from obfeivations. He therefore thought that fome part of this motion, if not 
the whole, might anfe f««m the adtion of the moon upon the equatorial parts 
of the eaithj which, he concwved, might caufe a libratory motion of the earth’s 
axis But as,he was unable to judge, from only nine years obfervations, whe- 
ther the axis would entiiely recover the fame pofition that it had in 7727, he 
found it neceflary to contmue his obfenationu through' a whole penod of the 
moon s nodes , a^th? end of which he found thai the ftars returned into the 
fame p^fitions again, as if tileie had been no alteiation in the inclination of 
the eaith’^ axis, "which convinced him that he had rightly affigned the caufe 
of the phammemn , and the very near agieement of his obfervations upon dif- 
ferent ftais vwth this theoiy, thiougli a revolution of the moon’s node, indif- 

Q. pmWr 
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pLilably coiifiimcd it. The following Table contains his obleivations upon 
y DrnLons foi lo years. The fiift column contains the times t)f the obtciva- 
tions, the fecond Ihows the number of feconds the flat was fouth of 38“ 25', 
that being the point of the limb of the fedoi with which this iftai was coni- 
pai^d , the thud contains the alteration of the polar diftance, which tlic pteni 
preceflion, at the rate of one degree in 71I yeais, would catife in "this ftar, fiom 
March 27, 1727, to the day on which the obfervation was taken , the iouith 
fhows the abcijation of light, the fifth, the equations afifing fioin the afijic- 
mentioned hypothefis ; and the lixth gives the mean diftance of the flat flora 
the point with which it was compared, found, by colleding the feveial nuna- 
beis, according to then figns, in the third, fourth and fifth columns, and ap- , 
plying them to the obferved dijinuces contained in the fecond 

If the obfervations had been peifedly e2i.a£f, and the fevcial equations of then 
quantity, then all the numbcis in the lafl column would have been equal , 
but fincc they differ a little from one another, if the mem of all be taken, and 
the cxtiemes aie compared with it, wc (hall find no gieatci difilrente, than 
what may be fuppofed to aiife from the uncertainty of the obfeivations them,-- 
fclvcs, it no while amounting to more than The hypothefis thcicfojQi 
feems, ui this ftai, to agvee extremely well with the obfeivations hcie fet down, 
but as I had made 300 of it, 1 took the tiouble of companng each of them 
with the hypothefis : and although it might have been expefted that, in fo 
laigc a nuiiilxi, lome gicat euors would have occuned, y^et there aie very few , 
\i7. only eleven, that difiei from the mean of thefe fo much as 2", and not one 
that dilfers fo much as 3". This fuipnzing agreement, theic fore, in lo long 
a fenes of obfervations, taken in all the vauous fealbns of the yeai, as well as 
in the different pofitions of the moon’s nodes, feeins to be a fuflicient^proof of 
the tuUh, both of this hypothefis, and alfo of ijiai which 1 foimcily advanced, 
relating to the abeiration of dight , fince the polar diftance of this flai ma>y 
differ, in certain ciicumftances, almofl a minute, viz. 36^", il the coiicdtions 
lefulting fiom both thefe hypothefes are negledted, wjicreas, when thofo equa- 
tions aie lightly applied, the mean place of the ftar conics out the fune, as 
nearly as can be leafonably expedted. '■ » 


# 



y D-nACONlS, 



AND TIIS NXrfATION OF THE EARTH’s AXIS. 


t 


y PRAC^NIS. 

SI 

South of 
38“ 25' 

Pieceflion 

Aberration 

Nutation 

Mean 

Di (lance 

1727 ScpMmbei 

3 


— 0 ,4 

+ 19", 2 

— 

8", 9 

8 o ",4 

1728 Klaich 

18 

108, 7 

— 0, 8 

-19, 0 


8, 6 

80, 3 

September 

6 

70, 2 

- I, 2 

+ 19, *3 

— 

8, I 

Bo, ^ 

lysy Maich 

6 

108, 3 

- I, 6 

- 19. 3 

— 

7.4 

80, 0 

11729 September 

•8 

69,4 

- 2, 1 

+ i 9.,3 I 

— 

9 

80, 2 

1730 September 

8 

68, 0 

- 2, 9 

+ 19. 3 

— 

3. 4 

80, 5 . 

September 

8 

66, 0 

- 3.8 

+ 19. 3 

n — 

I, 0 

Set, 3 

lyyz September 

6 

64. 3 

- 4, 6 

+ 19. 3 


2, 0 

81, 0 

1733 Augult 

29 

60, 8 

- 5.4 

+ 19, 0 

+ 

4, 8 

79. 2 

173.^ Auguft 

I I 

62, 3 

— 6, 2 

+ 16, 9 

+ 

6, 9 

79. 9 

1735 September 

10 

60, 0 

- 7. I 

+ 19. 3 

+ 

7. 9 

So, I 

1736 September 

9 

S 9 > 3 

— 8, 0 

+ 19. 3 

+ 

9, 0 

79. 6 

1737 September 

6 

60, S’ 

-8,8 

+ 19. 3 

+ 

5 

79. 8 

.^38 St.ptcmbcr 

^3 

62, 0 

- 9, 6 

+ 19. 3 

+ 

7. 0 

78. 7 

1739 Sept.mber 

2 

66, 6 

- 10, 5 

+ 19. ^ 

+ 

4 . 7 

80, 0 

1740 September 

5 

70, 8 

- 11, 3 

+ 19. 3 

+ 

I, 9 

80, 7 

1741 September 

2 

75.4 

— 12 , I 

+ 19, 2 

— 

I, I 

81, 4 

1742 September 

5 

76.7, 

- 12,9 

+ 19. 3 

— 

4, 0 

79 . I 

1743 September 

2 

81, 6* 

-13. 7 

4 - 1 9, I 

— 

6, 4 

80, 6 

1745 September 

3 

86,3 

-15, 4 

+ 19, 2 

- 

8, 9 

81, 2 

J746 September 

17 

86,3 

— 16, 2 

4 19, 2 

- 

8.7 

80, 8 

1747 September 

’ <• 

2 

86, 1 

- 17. 0 

+ 19. 2 

— 

7. 6 

So, 7 


«■* The conclufion dcii\ed fioin thefe obG,ivations is, that the giadual diminu- 
tion of the obliquity of the ecliptic to the cquatoi does not aiifc' fiom an altei- 
ation in the pofition. of Ihe caith’s axis, but fiom fomc alteiatton in the eclipiic 
itfelf, bccaulc the flais' at the end of the penod of the moon’s node, appealed 
in the pi'tne places with lefpeift to the equator, as they ou^ht to have done, 

if the earth’^ axis had retained the fame inclination to an invariable plane 
• 

Dr Bradley, in his obfeivation upon Ut/^ Mq/orts, in the years 1740 
' and i74j[,^fotin(i that they gave the polar diftance 3" greater than the /item of 
flicothei y«ars , and obfci*v«is that, had there been only a (ingle obfeivation in 
cash of thefc yaais, pai*t ot this difleicnce might have been fuppofed j.o have 
arijen fiom their uncertainty, but as there weie eight obfeivations taken within 
a week in 1740, which agicc well with each othei , and thicc wAe made 
. ci„ ? with in 
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^withm twenty days m 1741 winch likewife oorrefpond with each other, he 
was inclined to think that the aforementioned difference muft be owing to 
fome Other caufe , and he fufpeded that the pofition of the mooffs apogee, as 
well as of It’s nodes, had forne lelation to this appaient motion. 

1028. Dr. Bradley communicated his obfervations to Mr Machik, 
whorfoon after fent him a Table of the annual precetSon and the poircfponding 
nutation, in the various fituations of the moon’s nodes. Thefe were calculated 
upon fuppolltion that the ^ole of the equatoi, duiing a period of the moOn’s 
nodes, moved pound in fhe peiiphciy of a circle of 18" diameter, having flie 
centei23» 29' from the pole of the ecliptic, that cade having an angulai motion 
of 50" about the fanie pole. The noith pole of the equator was conceived to 
be in that part of the fmall ciicle which is furtheft from the noith pole of tlie ' 
ecliptic, when the moon’s afeendmg node is in the beginning of Aues, and 
the oppofite point of it, when the fame node is m the beginning of Libra. 
But Dr Bradley afterwards obfeived, that the calculations would agice better 
with obfervations, if the true pole of the equator defenbed an elhi^e inflead 
cf a circle, whofe minor axis is about 16", and lying parallel to the ecliptic 
This IS confirmed by theoiy Fiom alHhe obfervations of Di Bradley,'”"' 
Dr Maskelyne fixed the whole nutation at 19",!. In the Table we 'ha/T 
computed, we have aifuraed it 19". 

1029 Sii [ Newton had taken notice of the nutation of the earth’s axis,- 
and Mr Flamstfad in his Ccel Vol. 3 p 113, informs us, that he 
attempted to difcovcr it’s quantity, but found lus inftuimcnts not fufficicntiy 
accurate for the purpofc dc la Lande alfo obfcives, that the followii ^ 
paffage was found in the manulcnpts of Romer Zed de altiixidmhw non peunde 
reytus \eddebar, tarn oh refradhomm vanttatm quant oh aham non dum liquido pet. 
JpeEfam Laujam-, fciluet per has duos amos, quemadmodum et aUaSy expertns'Juin effe 
quaiidam in dechnationibus varietaUm ques nec reft dSkombus nec parallaxibiis iribui 
potefty fine duho ad vactllafmem ahquam poh terrefiris t eferendam, a pits me vett-< 
fimtlem dare pofie theotiam, obfervatiombus mutntatn, Jpero Notwithfiandirio' how- 
ever the nutation of the earth’s axis had been fo longfufpcded, the difcovery 
of the caufe and quantity thereof was refeived for Di Bradley. We proceed 

now to confider, how all this agrees with the condufions deduccd'-fiom the 
theory of gravity. r 

1030. The effed (83-6) of the body at S upon a particle at E vanes as the 
cube of the appaient diametei of 5 feen from f and the'denCty of 5 conjomtry, - 
therefore as the appaient diametei s of the fun and-n?oon feen fiom the ea*tfi 
may be.confidered as equal, the effeds of the fun and moon upon a particl^.^ * 
oftheeaith, given in pofition, will be as their denfities. Hence, if 'w : i :. 
denfity of the moon ; denfity of the fun, and ^=th» whole preceffion gen^e- 
I rated 
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lated by the fua in one year, ttiA would reprefent the mean preceflion by the 
moon in the fapie time, if it’s orbit had the lame inclination to the equator as 
the ecl’ptic has. But tins is not the cafe. To find therefore the effeft pro- 
duced by the^moon, let fFNeE reprefent the oibit of the moon interfe(ding 
the echpet t CL m N, and let ELF be the pofition of the equator when 
the moon paff^d it at F, and aebf when it pafled it again at ^ ; bifc£t £» m 
C, and* draw tlie great circle CtF pcipendicular to cy £. Now(io22j the 
pieclffion, catem paijkts, vanes as the cofinc of the angle which the oibit of 

* cof E 

the body ma|jes»with the equator, hence, cof r : cof. E * mA mA y 


cof 


V 


the iKfean pieceflion arifing from the moon m a year, hence, if if = the time the 
moon IS moving in it’s orbit from F to e, i year ( - " 


mA X 


col V 


tmA X 


cof E 


^ — the mean preceflion caufed by the moon in refpeAto it’s own oibit. 

Now to reduce this to the ecliptic, and find the pieceflion dining a ie\ohition 
of the moon’s node, w'e fhall follow and cjtplain the method given by Mi 
T ^ijpsoN in \os, Miltdlmiews FraBs, it appealing to be as fimple as the 
nature of the fubjed will admit of. 

1031 As the inclination of the caith’s axis at the end of h’-cry half icvo- 
hition, on the return of the fun or moon again to the equator, is (1023) re- 
ftored to It’s foi mer quantity on the refpedive orbits, the angles £, e, F, f are 
equal, and the triangles I)Ee^ jDjP/ are fimiki and equal in all lefpcds, 
therefore \-De being — jDiE-|-Z)^’= a femicircle, both /)j£ and De may 
he taken as qiiadrantal arcs Now fin ED (=.iad ) fin e, 01 E, . fin Ft, 
ox lie, fin iDE, 01 eDE — fm, E\ Ee, alfo fin fl, or <^c : fin t D, or 


cof. r 

Oil cfi K 


hi’ ehE, 01 epE, fin y > or m = 


CO' 




iin 


eDE = 


- - j, ^ , fm E> cof £ X cof T -E , ^ 

.< fin it X ^(’=r tuA X — — — ~—:r — : picccffion upon 


nil cy, - Im o[, X lul 'f 

the ecliptic m the time /.*. Alfa, fin ijOriftl fin DR, 01 fin eDE, 

01 eDE, fjn. iJi, or Rr-jin. E. x e DE — iui r -E x fin Exile t 4 < 

fin yf'iTx. E\c()f F , , j T. 1- - 

the coiielponding nutation But fin E .* fm 'yiV 

. fin. N fin. r, ’iciicc, fin <vij£x fin E = hxi. fin N, coiifi.t|uently 

thc*nutatidh Ri --7inA'' . Hence (fiom the fotmer 

cxpiafiion for th® nutatiwi), the nutation the correfpotiding prccefl'Kin 
^ cof ^ F 

fin. T : =cotoi.i <^{>E Haying determined the prtv.f‘frion aud nuta- 

V 

♦ tion 

■h 

✓ 


X25 


Fig. 

228. 


% 


% 


% 
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tionfol any given pofirion of tliC moon’s node, we pioceed next to detcunlne 
the fame duung a levolution of the node. ^ 

e 

1032 Let rN = z, It’s fine =.y, co/ine =j, the fine ofNrE = cofine i, 
fmeoiN—c, it’s cofine = c/, TCL—e, and the time of half a-^i evolution of 
thc^nodc = i?, and let be peipendiculai to NE. Then, coi' iVT", 01 r, 

d d , 

: lad. = I . cotan iV, or - , , tan. NT® = ~-, let tins be denoted by 4 , then 

H CV *^ 4- 


tlie fecant of flie fame rangle = s/i-irh^^ it’s fine = 


Vi+Ji- 


:, and cQfine = 


■ , hence, the line of the difference of the two angles NT§> and NTE 


v/ 1 -h/i' 

will be ~ v; , and the cofine= . Alfo, fin, JVr © fin. Rr§ 


v/i + ^-‘' 


I + li' 


cof. N ; cof £ = ^ =bd— -^=bd— acy, and cof NT^ cof 

: cot. NT, 01 - , . cotan TE = b-^/iax ^ , becaufe -It ^ ^ 

iV X cx r V ' 


But ( 1031) the fine of m nation for the time t —tmA x 


JJ 

fin T" X fin 2 V>'tol~S 

cofJVrA 

— tm Ax ^ and die time t (whilfi: the node defeubes r-) 


R 


Rx 


e, thcieloic i — R x - = , 


= j hence, the nutation 
whilfl; the node delciibes k is (writing s/x-x^ for y) -zzmAR x ^ 


bdxx 


-^-^^,,-acxx, wliofe coue£t fluent mARx ^ xbd—bd acx* 

is the nutation, or decreafe of the inclination of the equator to the ecliptic, 
caufed by the moon, for the time the node has mov^d fiom T to N Next, 
with regaidtothc coiiefponding preceflion, the increafe thereof being (L031) 
in piopoition to the deciement of nutation as fhe cotangent ofXA to the 

tneofivrfi, or as y'~' „ ,1^; 

•I C\ cx 

r I abd^x - - 

of the prcceffion =mAR x ^ x ^b'-a^xtdxr-abfX v/i -/% 

whofe fluent mAR x ^xabd^z-\.b^- a^xedx- ^abc^z- labC^xs/x'^^ 
IS the true pieceflion. 

r 

1033. Hence, 



AND THE NUTATION OP THE EARTH’s AXIS. 


1033. Hence, at the end of lialf a revolution of the node, 01 when it at- ' 

rives dX Libra L, x — o, and z=e , therefore the nutation =»/^i 2 x and 

e 


the prccepion*=OT^2? x 1 -I c\ becaufe = i Hence, the whole quan- 

tity of nutation during half a revolution of the node from T : the coircfpon^ing 

' ql c d 

quantfiy of pieceflion 1 — I : 10 : 1 74 very nearly. 

1034 Hence, the mean pieceffion of the equinox from the aiflion of the 
inoon*is to what it would be if the moon’s orbit coincided with the ecliptic as 
I - I I But if the moon’s orbit coincided with the ecliptic’^ the 
• effedb tif the moon would (1030) be to that of the fun in the latio of their 
denfities, therefoie the mean precclfion of the moon . that Itoin the fun, in a 
compound ratio of i - f c* =0,988 i, and of the dcnfily of the moon the 
denfity of the fun confequently the denfity of the moon the denfity of the 
fun preceffion fioni the moon . preceflion fioni the funx 0,988 


1031; As the pieceflion in hajf a revolution of the node = m^Ii x c'‘‘^ 
V ;; 

WO have, e z mAR k d^ — ^ c'^ niARx ~ x d^~ ^ c’' the mean preceflion 


whilft the node moves over the arc z, which fubtradted from the trite pre- 

ceffion which we found in Aiticle 1032, we get mARx — d* x c dx 

for the equation of the equinoxes, negledting- f abdx s/i - a® as never amount- 
' mg to I". Hence, the equation, when the node has made one fourth of a 

levolution, will be mAR x “ b^-a^x cd, which is to the greateft nutation 
zed 

mAR X -j- during half a revolution of the node, as b" - o' • zab, or as i : 
^ ^ (ih 

-that IS, cw radius the tangent of double the inclination of the 
equatoi to the echptic •** 


1036 . As c is but vci) fmall, wc may ncgledf the laft tcim m the expreflion 
foi the nutation, as well as in the equation of preceffion, without any confi- 

dcrable error; hence, tih nutation becomes mAR x ^ x 1 — v/ 1”-"*®, which 

^varies as \ ~ s/ \ — x the veiled fine of the nodes’ tiuc longitude, and the 

equation of preceffion mARr — x x cdx vanes as v the line of the 

‘ i? 6 

node’s tiue longitude.’ 


1037. If 


ON THE PRECESSION OF THE EQJJINOXES, 

1037 It the annual pieceffion aiifing from the fun be taken =21". 6"' as in 
Alt 1022. and the whole preceffion= 50", then the part anting <from th;e adion 
of the moon wall be 28" 54'", hence (1034), the denfit^ of the moon denfity 
of the fun: 28" 54'" -21" 6" x 0,988 = 20". 8"", which ratio ^oes^not agree, 
eithf-r with the piopoition deduced from the tides, or with the accurate obfei- 
vauons of Dr. Bradley. The bcfl: method of fettling thi? 'point, isfioni 

the gieateir nutation . , 

1038 Tiie^ nutation, dunng half a revolution of the moon’s node tj^om 
Aiies, Di. MAbKCLtNl: fixed at 19",!, and which we Ihall fiere aflunse 19", 

hence (£033), 10 ^ 174 ■: 19" : ^ the pieceflion fiom the moon 

duiing that time, which we may take et^ual 9,3 1 years , hence, the mean pre- 

ceffion from tlie moon in one yeai = ^ , therefore if take the 

, „ , , 1 74 X 1 0" 

whole precefifion m a year to be 50 J , we have 30 -- jq ^ — 

to X ■I l i. 74 - ^ JL ? _ foj p^rt of the preceffion. aiifing flora th' 

10 X 9,31 

fun Hence (1034), the denfity of the moon : the dpnfity ol the fun •. 
174x19" 10 X 9,3 1 X 50 1:"— 174 X 19" X 0,988 : 2,44 : i The part 

therefoie of the pieceflion anfing from the adtion of the moon =35". 39"'> and 
that of the fun= 14". 36"', and the gicatell equation (1035) of the ptecefiion 
anfing from the moon ■= 1 7", 7 

1039. The equation of the preceffion (1036) vanes as x the fine of the 
node’s diftancc from “V" raeafured contrary to the order ol the figiis, -but 
if L=the longitude of the node, fin. 3f = —fin L; therefore rad. : -„/?«. L :: 
17",7 : the equation 0/ preceJion= —ftn. L x ly",^ ; hence, the equation is to be 
fuhtraSed from the mean preceffion when L is kfs than fix figns, and added^^ 
when p^eater. 

1040. As (1036) the decieafe of the inclinatiojn of the equator to the 

ecliptic, from the time the node coincides with V, is'" as the verfed fine 0/ the 
node’s dillance from Thai point, the inclination friuft be at it’s '‘jptican value 
when the node is in the folftice , hence, the difference between the ifican and 
true values will be as jthe difierence between the verfed fine and ladius, or as 
the cofine of the node’s diflance from T; therefore -to find the nutatioij, at 
4ny time, fay, rad. : cof.z • 9‘'',5 : tie KUtation:^^',^ cof. z ,^hich mpft 
be q^edf when the node is m the afeending figns bjli, but, 

fuhtraSed, when in the defending figns, ss , SI j 4 K , === a in > p , to get the “true 
obliquity of the equator to the ecliptic; hence, the equation of the ohbqwty of the 
e£hpii£= — 9", 5 X cof. z. 



The /(/tcozjing Table shozvs the Equation of the Piecessiotii and the Equation of the ^Obliquity of 
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OM THE PRECESSION OF THE EQJ?INOXES, 


'■ 1037. If ihe aaniul precefilon ariling from the fun be taken = 2 j" 6'" os in 

Alt 1022 and the whole preceffion= 50", then the part aiifing<from th^ adion 
of the moon will be 28" 54.'", hence (1034), the denfity of the moon • denfit/ 
of the fun : 28". 54"' : 21". 6'" y 0,988 = ^o" . which ratio ^oes^not agree, 
either with the propoition deduced from the tides, or with the accurate obfci- 
vanons of Dr. Be an ley. The beft method of fettling this^poiut, is from 
the gieatefl: nutation . ’ » 

1038. Tiie^ nutation, duiing half a revolution of the moon’s node tj,om 
Aiies, Di. M-abKELVNl; fixed at 19",!, and which we fhall here aflunsc 19", 

hence (1033), 10 ' 174 ' 19" : ■ the pieceflion fiom the moon 

X O fT 

t 

^duiing that time, which we may take equal 9,31 yeais, hence, the mean pie- 
ceflion fiotn the moon in one yeai = , therefore if vc t tke the 

10x9,31 


whole preceflion in a year to be 504", we have 304" 


174 


to' 


10 A 9,31 


foi the part of the pieceflion aiifing fiuin th* 

10x9,31 

fun Hence (1034), the denflty of the moon ; the denfity oi the fun , 
174x19" • 10 X 9,31 X 50 i"- 174X i9"x 0,988 , 2,44 : I The part 
thciefore of the pieceflion anfing fiom the aftion of the moon =35" 39'", and 
that of the fun-= 14". 36''", and the greatefl: equation (1035) of the pieceflion 
arifingfrora the moon — ly'^y. 

1039. The equation of the preceflion (1036) vanes as x the fine of the 

node’s diftancc from T meafured contrary to the older of the fipiis, -but 
if L =the longitude of the node, fin. « = — fin L ; therefore rad. : -^(in. L •. 
1 7", 7 the equation of freceJf0H= —fin Z. x ly",^ , hence, the equation is to be 
fukraSed from the mean preccflfion when L is lefs than fix figns, and added^ 
when greater. „ 

1040. As (1036) the decieafe of the inclinatioyi of the equator to the 
ecliptic, from the time the node coincides with V, is'^'as the verfed fine of the 
node's diftance from That point, the inclination Inuft be at it’s -mean value 
when the node is in the folftice , hence, the difference between Uie mean and 
true values will be as difference between the verfed fin€ and ladius, or as 
the cofine of the node’s difbnce from T, therefore -to find the nutation at 
4ny time, fay, rad. . cof z : 9^', 5 . th nutatioa~f'i^ ^cof. z,^riich mjjfc 


h^^dded, when the node is in the ajcendtng Ggm vj. 


T, a 




but, 


Jfthiraked, when in the defending figns, © , Si, ""K, "ni, ^ , to get the ’true 
obliquity of the equator to the ecliptic, hence, th equation of the oHtqutty oj the 
echpic= - 9",3 X cof. z. 

37rf 


.r 
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ON TITE PRliCESSlON OF THE/EQJTINOXES, 


Ex Lei the diflaiicc of the afceiidiiig node 9f the moon fiom the fiifl. point 
Of Aij(,j be 4’. iS”. 40', to find the equations of the prccefSon and obliquiU. 

Tec -oiKUion of the pieccOion for 4= i^‘> is - 12" 5, and foi 4= 20° it k 
hence, 4® 3° 40' i",i o",8, which taken from —^12", 5 lea\es 

11",} rlu’ equation of piccefifion. Alfo, the equation of the obliquity fOi 4' 

1,- (r',/, and foi 4 10' K is - y",^ , hence, f f. 40' : o",6^,o",4, wlndi 
.td led to -6",7 gives -7',! the equation ol the obliquity Tlicfe equatton^^, 
uidi thofi- aii/ing irom the itin (1024, 1025), applied to the prccefTion aiicl 
oMiqii gi\e ttc // /t', 19 In .is icgards the clilpkccment ol the equator.. 


104 1 The miU'tioH aiifuig from the moon, and the equattov of tin piecefton, 
may be both togctlier rcpiclcntcd thus. Let P be the mean place ’of ’ 
the poll of tlie equator <r M the pole of the ecliptic tP, in PPss take 
P/i— PB = C)",^ half the gieaull nutation, and defenbe the ciiclc BDAG, and 
draw DPCi pcipendicuhu to JB, and take PC PD coL ^EP • col EP 
6828 '9173, deftnbe the eilipfc PC^F, and the tiue place of the pole of 
the equatoi will always be found m the cuciimfg-enoe of this ellipfe, and make 
APS~t\\Q diftancc of the moon’s afbendmg node fiom T, draw SpR 'pcilien- " 
dictilar to AB, and p is the tiue place of the pole. For diaw the gicat cuclcs 
EC, Ep7, then it is nnnifcfl, that EA and FS’willbe the giealcfl: and leafl: 
diflances of the two poles, AB bcing= 1 9'' the greateft nutation, and lad . 
col APS, or cof V, PS:=-q'\^ l^R = f',^xcof z= (1040) the nutation, 
thciefoie F/ 2 , ox Ep \e«y neaily, is tlic tiuc chftance of the poles. Alfo, by 


Conjlnulwn, CP AB . ] cof. %EP cof. EP 


b, and by Sphni\ 


fin PEC fin PC, 01 (pn acccinni of their fmallnefs) PEC PC,: rad. : fin. 
EG, 01 EP, 01 a, hence, by compounding thefe two propoitionsj-PFC AB 

; ab P-a^ %ab, which pioportion to find PEC is the fame as 


that in Art, 1035 to cletcimiac the grcatcfl difFeiencc of the tiue and' mean 
longitude, confeciuently PEC reincfcnts that difference. ;Hence it follows, that 
the angle REp will exprefs the diftcieiice of the mean and tuic longitudes, "at 
the given polition of the node , for rad fm APS ".PD RS PC ,Rp .• 
the angle PFc' REp, as it ought to be by Ait 1036 ‘ As^theieTore Ep is 
the tiue diftance of the -poles, and REp expiclTes the difference between the 
mean and tiue longitudes, p muft bo the tiue place of the pole. Noiy as th£ - 
inclination of the equator to the ecliptic decreafes frjpm-the time thc4fcenjlir!g® 
node of the moon’s oibit leaves Anes till it gets back t© y. therefoie tl]p “ 
pole of the equatoi during that time has moved from A to B, and as the equa- 
tion of the preceffion for that time is to be added to the mean precefiTion by 

Art. , 

- * 

0^ 

m 

r- 



AND THE NUTATION OF THE EARTH’s AXIS 


Alt. 1039. It makes the tiue precetSon greater than the mean, and therefore 

the tiue place of the pole muft have been behind the mean place, confequently 

the pole hasjtnoved from A in the diiedlion ACB This matter therefore may 

be fimpty explained thus. If the preceffion were uniform, and there was no 

nutation, then^the true place of the pole P would (1021) defciibe a circle tdiout 

jS^centVary to the order of the figns, with an angular velocity equal to that of 

thJ precelEon , but„the preceffion is not unifoim, and there is alfo a nutation, 

in confequence of which, the true motion of the pole of the equator is in the 

ellipfe whilfl the center P is cained about £_as above-mentioned. 

Thejnotion of the pole in the ellipfe, theiefoie, takes into confideration the 

effect of the equation of pieceffion and the nutation 

1042 Let s be the place of a flar, T V the equatoi to the mean pole ?, 

"CW the cquatoi to the tiue pole p, diaw the great ciicles Psma, psnbd, 

and let Tc be peipendiculai to X'fV, and pr to Ps Put v = APp, z = APS, 

i = APs, d = the declination of the fl.ai, <7 = it’s light afeenfion, then 

^Pp = t-v, allb, by the piopeity of the ellipfe, FD = g",^ P6'=7",07 : 

^ o 7 

RS Rp • tan. z tan v, therefore tan. l-x tan. z, and PD = q",£ 

9 >5 ' 

. PC=']",oy RS . Rp=^-^^ X RS y but iad. = i . fin. z " PS = ^",^ . 

9 

P 5 = 9",5xfin z, hence, Rp = f' yO'j xtm. z, alfb cof. v . rad =i .* PR=: 
9",5xcof 2: (1040) : Pp = f,sx 

^1043. The mau right afeenfion is Ta=:y b + ba*, and the tfue right afeen- 
fion IS T'd= T'i+cd = T'c+ V b , hence, the vaiialion of ihe right afeenfion 

28'’ — ba Now 


= - ba=rr'y cof 


JP — 


Rp 




fin 


28'— ba = P'S X cof 23“ 


13- 28- lm.23- iiF’ ><cor2",-.28'=7',o7^li„ a 

'a cot 23°. 28'= j!’ 6",29 X fin z. A Hu, fin ^Pp . fin sp lin 


fin. 22* 28' fin. 2' 

Psp fin. Pp, 

and as Psp and Pp veiy fmall, we may put the quantities themlelves 
» 

for then •.'fines , hence, Ppx - ±: Psp ~ hsa, theiefoie ab = Pp x 


fin } —V X oof */) 


fin ip 


-- — Pp X fin. r-vx fan. d. I-Tencp, the \ .iriation of light 

afeenfion 


• The arc ab is called the deviation in light afcc.ufion, mn tl'c deviation in longitude, and Ft 
the deviation in noith polai diilance , Y' T' is ctlkd the equation 0/ the eqiim>\ei in longitude, and 
Y c the equation of the Equinoxes 111 right afeenfion. 


/ 





lilli PRECESSION 01 TxTE £<yriNOXFS, 

4 

afcenfion = i6 ,29 X fin, z-Ppx^n\ r— -i; x tan, i6'",29 x z-- t / 

col S' ^ ^ ^ ^ 

^ = ^^'>9 X fin - 9", 5 X — X fin. r - -y X tan J= 

r «■ 

1 6" ^9 X fin. z - 9",5 X x tan. J x un. rxcoi. v~iin, cof. r = (as 

the tangent v = ^ the tangent z) i6",29x fin. z-the tangent" /x 

^ 

9", 5 X fin. r X cof. z - /',c^ x col r x lin 2 - , 

4 »75 X fin. r — z + 4^75 x fin. r+ z 


L 3". i 


3"j 53 X fin. r~ z~ 2 "iSS x fin. r+z 
+ 1 6^,29 X fin. z. 


} 


X tan. d 


But (m this figure) r = 90“ - theiefore r ± z = 90“ - a =t z = (fo far as regards 
the angle) a^z-go% and the fame is true if « be greater than 90% and^ 
r-.<^+9o . Hence, the vauation of Rt^k Afcenfwt 

— — 1"^ ^ ^ ^ 9 ^° "l'" 4^7 5 ^ <? + g — Qo^ 1 ^ ^ 

t- 3'».?3 X fin. a - 2 - 9o<- - 3",53 x fin. ^-j-z-po* J ^ 

+ i 6''',29 X fin. 2. 

=tao ix (- s-'.iSxfin. ,» J 

. For fouth declination d is negative. 

1044. The variation in* Decimation is sP-sp=Pr very pearly, = x cof " 

■■ “■ ff coi» ^ cof» z 

^ coC V ^ ^ 9 >5 ^ ^ X <^oC, 7 cof, ‘i;+ fia, r x fin, v 

l%TL7xt. ^x-r.’.xtaBr.=,-s.cof. C.xcof: . ■ 

r 

fl 

/ 4 >75 X cof. y— z +4'*^,yj x cof. y+^z l .. ^ ^ 

^ 3 >53 X cof. r-z- 3^,33 x cof r-^zj ' 

• r i *' 

= 8',a8 X cof. TTI- 1« az x cof. ;+i= 8%28 x fin. ^ - 1" az x fin. T^i^. ' 

c 

\ 

104^. From, 




AND THE NUTATION OF THE EARTH’s AXIS. 

1045 Fromi. tliefe cxprefEons for the vaiiation in right afcenfion and 
declination, I have calculated the following Tables for more readily finding 
thofe quantities They have been computed by M. Lambfrt, upon lup- 
pofition-tlfat the nutation was 18", but a more coiiedt value being 19" 
(ioz8), I have here calculated the Tables foi that -quantity. 
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ANXJ THE NtTTAlIOH OF THE EARTH’s AXIS. 
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Rx. On January i, 1790, theTight afcenfion of a Lyra was 9’. f. 27', 
and It’s declination v^as 38°. 33'. 44", to find it’s nutation 

The longitucljp of the moon's afcending node was f. 16“ 36';^ hence, 

. ** 

<?s>,9*' 7® 27' 

- ** s=7 1 6. 36 +ii", 64 Tab UI. 

m 

*■* a—z=i 2,0. 51 + 6,42 Tab 1 . - 

fl+z=4. 24 3. ..+ 0,72 Tab IL 

fi ^ ,1 I , 

' ” Nutation in Dedmotion = + 7, 14 


fl- 2-90“ = 10’ 20® 5T — 5'''523 Tab I 
^+2-90®=!’ 24'’ 3'.. +0,99 Tab. IL 


* - 4>24 
Tan. dec. = ,798 

— 3,38 Produfl- 

4- 1 1,64 

1., . 

Nutation in 'Right Afcen =4* 8,26 


Wljen the declination is Ibuth, it’s tangent becomes negative 



So find the ’Variation in Right AJcenfton and Decimation of a Star, from the 
Pieeejjioii of the Equinoxes 

io4f) Let^rZ be the cclj^Hic, the equator, rail’s next pofition at Fig. 
the end of^iTiy given time, s a ftai, ia-, ivvj two ciiclcs of declination to the 230.* 
two pofitions of the equator, and Ta perpendicular to r^ As we heie con- 
fider the eflcfb arifing onlj from the rcgieflion of the eqflinodial points, the 
inclination of Jhc c^iuqjLor to the ecliptic remaining the fame, we have (1031) 

, her«:c (13), iad*=Ji, cof Tw : aT (=rrxfin. T) : vzn = Tr 

x fin #T X cof. T Id, the vatiation of dedtnaUon 
• 1047. Hence, wc can find the vaiiation of right afcenfion. From the vari- 

ation of the right angled fphciieal triangle ^w, whpfe fide ^ is conftant, we’ 

• • have 

» 

• • • ♦ 




• * 


ON TH^i PKECFSSION OF THE F.QJTINOXr' S, 

r ‘vzvx tan. 7«;f _ . 

'' hx\e^ V oxtail = i/.v x tan. ^.v, therefore v,v= 

x ^‘1 ^ H- Yrx fin. T x fin right afccnfion x tan dec 

cut. Tw 

This IS one pait of tlie variation of light afcenfion. But as we now leckoii 
horn } and not fionfr, it is mamfea that there is anothcj pait ia wh.cli 
I. common to all the ftars , but ra = r r x cof r, hence, the - 

mton of ught a fienfton = r r x cof. r - r i x fin, r x fi n right atcen ►x un 
d. c =picc in long x tol 23°. 28'^— fin 23° 28^ x fin. light alccii x t^in. dec 
In the lafl Irx fignf, the fin light afccn. becomes negative , alio, ^ if the dccliiu 
non becomes fouth, the tang, of declination becomes negative, the'lccoi'd 
tciin therefore is fometimes additive, and fometimes fubtraftivc. 


Fio 

231. 


On the preceding theory, Mr. Simpson has made the following remaik^, 
in ordeiT to explain certain difficulties and objcftions that may thence arile. 

1048 It may be obfcived, in the fiift place, that we have, all along, con- 
fidcied the effefls of the fun and moon feparatelj’’ , and, coiifequently, have 
fuppofed them to be no-ways influenced 01 difturbed by each otliei This m'liy 
Iceni too bold an afllimpnon, elpecially, as it is known that the tid s, which 
aie pioduced by the veiy fame foices, depend upon, and aie gieatl} \aiied bv. > 
the different pofitions of the two luminaries 

1049 To lemovc tins ob|ccnion, let r SM ^ repiefent the plane of the eauh’s 
equator, “VO* it’s mtcilcdion with the plane of the ecliptic, ri’ the light 
afcenfion of the fun, fM the right afcenfion of the moon, and let tin. Ion. os 
of the two boches to turn the eaith about it’s center, m ihofe pofitions, be 
lepicfented by / and F refpeanvely. 

1050 Thele forces may be confideicd as aftmg peipendicfilai to the plane 
ol the equator in the points S and M, and will' be equivalent to, and lime the 
lame efleft with, one finglc force, equal to them both, aeling in then center - 
of giavity N. But, by Meclumrs, the force /+F, ading at iV, will (if the 
ladius OP be diawn thiough iVj be cquivaknt to cfeiothei loicc, adting at l\ 

0 r r ^ 

expiclfcd by f+Fx or Ji-Fx (fiippolmg N® , ^'P,^as alfo SH, 




MC, to bo perpcndiculat to VO -^ ) . 


1 o i; I . But 


* W 5 and. .f reprefciu the fincb of die two legs J, a o6,a*rt|ht angled triangle, C thur 

cofiivss, Tand i thtirtingenls, .md the hypothenufe be conftanfe then CXc =nd x ciif^liyp*a 

conftant cjuan&tyj hence, C'xc'4txC — o; but e — jX^! ,andC — Sx^rf , theufofe f.'xjX«+f ft 

S ' ^ 

xSxJzzOi and , or — the figns of the quantities thui d duc^d 

f c 

we have omitted above, as we only wanted the valucb ol the quantitiob ^ 


/ 
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^ ANP THE HUTATlOH OF THE EARTH’s AXIS, 

1051. But the quantity of precepjon, during a given moment of time, is known 
^ioi8 to X021) to be as the foice, and as the fine of the right afcenfion, con* 
jointly f from Whence die two quantities arifing fiom the iun and moon, con- 
fidcred fepaiately, are expounded by/x 55 , and Fx MC, refpedively. But, 
fuppofing^ botli bodies to aft together, 01 , which is the fame, fuppofing one 

fingle foice, (H^^nefifed byy+ 5 x^^, to adatP, the quantity of the pic* 

celQon will then (by the very fame rule) be tmly defined by /+ Fx PR 

•* , , » ^ PR * 

or it’s equal*7T^x whieh quantity, by the piopcily of the cen.ter of 
gravity, is known to be equal to fx SB +FxMC, 1 -lenco, it is manifcll 
•that, whether the forces of the luminaiics be joined togcthei, or treated apait, 
the refult will be the fame, 

1052. The next difficulty relates to the exccntiicity of the lunar oibit, and 
the inequality of the motion in that 01 bit ; which may be thought fiiffitient to 
occafion a lenfiblc deviation fiom. rules founded on a fuppofition that pays no 
regard to them. 

• 1053* In Older to clear up this point alfo, imagine JJ)BE to be an ellipfe, 
in v^hich the moon is fuppolcd to revolve, aliout the center of the earth placed 
in the lower focus F of the ellipfe , let JB be the tranfveife axis of the ellipfe, 
perpendicular to which, through P, draw the ordinate ///, moieover, let there 
be drawn any tiyo othei lines DE^ de^ through the focus F, to make a very 
fmall (given) angle J)Fd with each other. 

10^4. The perturbating force of the moon, at the dillance Z>P'will (856) 
be inverfely as the cube of that diflance j and the time of defciibing the given 
angfe DFd will * be direSlly as the fquaic of the fame diftance. There- 
fore, by»compofition, the quantity of the moon’s aftion, during the time 
of defcribing this angle, will be *m the fimplc ratio of the faid diflance, mvet fely. 
Hence, it appears, that the fum of the foices employed, duiing the times of 

d'efciibmg the oppofite angles DFd, f(Fe, will be tinly defined by r~- 4- -i- 

y ^ ■' FD FE' 

, FE + FD 

^05.?* let fall the peipendiculars DN and EM, lo fliall FE-^FIi 

: FJ {Eli) FD * FM ; FN (by the property of the ellipfe) :: FE : FD by 
fjmrfar triangles j^confccjuently FE x FD-FHx FD^FHx FE FD x FE, 

* • , • • • , ' or 

• • • 

• For th«r angle ZJ/f/ being given, the area DFd vaiies as DF)<dF, or as"Z)f *} therefow 
(80^7 the tune of defcubii^ tlie angle varies as DF*, 

Vox,. II. • S 




Fw, 

232. 


ON THE PRECESSION OF THE FQ.C^INOXES, 8CC. 

01 zFExFD-FHxFETFI) theiefore,, as it appears fioni hence that 
tneafure of the fan! foices, is, every wheie, eqijal to the con- 

FExFD 

ftant quantity ^7, it is evident that the excentiicity of the, orbit and the 

pot^ion of the apogee h%ve no effed on the motion of the eaith’s axis 

1056 An objedion may, peihaps, aiife, with regard to the •addition the 
forces employed by the moon in oppofite parts of it’s orbit , which ftep |nay 
be looked npoa as aibilraiy , but the leafon upon which''it is founded wilWbc,^ 
deal, by conlidering that the moon’s inclination to the plane of jhe e(|uator, 
in oppofite points of it’s orbit, is always the fame, and that, therefoie, the vciy 
fame elFed in the alteration of the pofition of the equator will be pioeluced, , 
whether the whole force employed during the defcription of the coirelponding 
oppofite angles, be equally, 01 unequally, divided, with refpeft to the find 
angles ; fince the faid foice adts with the fame advantage, or under the fame 
ciicumftance of declination, in both cafes. 

1057. Another difficulty, that may aiife, is in relation to our having made 
the effedt of the fun’s force to be about one third part lefs than the quantit;jj 
refulting fiom calculations founded on hydroftatical principles and the hjipo- 
thefis of an uniform denfity of all the parts of the eaith But, that the pLv- 
nomenon cannot be tiuly accounted for, upon this hypothefis, appeals fiom the 
concuirence of all cxpciiments m general: for, whethei we rcgaid the menfp- 
ration of the degrees of the earth, the acciiiate obfervations of Dr Bradley, 
or the proportions and tunes of the tides, the cafe is the lame, and lequncs a 
much lefs effeft fiom the aftion of the fun than lefults from, or can conlift 
with, the faid hypothefis. 

ioj8. But if the denfity of the earth, inftead of being uniform, is fuppofed 
to mcreafe from the fijrface to the center (as- there is the great eft leafon to 
imagine it does), then the phanomenon may be eafily made to quadiatc with 
prtnctples of gran;ttatton , and that according to innumerable fuppofitions, rc- 
fpedting the law whereby the denfity may be conceived to inercafe. 


ft 


CHAP. XXXV. 


ON 3tHE DEKSITIES, QUANTITIES OF MATTER, LIGHT AND HEA’l 
•. or THE PLANETS. • 


Aitf 1059. meafure the quantity of matter in dfftant bodies, appears, 

’ * X at firft fight, to be a pioblem of mfupeiable difficulty, and 

fuch it was before the difcovery of the laws of giavitation, but thofe principles 
led Sir I. Newton to a very eafy folution of this important problem, in all 
thofe planets which have fatellites revolving about them , and m the other 
planets, they alfo furmfli a method by which their quantities of marter may be 
affio-ned, to a confiderable degiee of accuracy, by the cfFefts which fuch planets 
tproduce upon the others. To undcrfland the pimciplc upon which tins de- 
termination refts, we may obfefve, that the effed of attiadion at equal diftances 
will be m proportion to the quantity of matter in the attrading body, and 
• at different diflances, as the quantity of matter and the inverfe fquare of the 
diftance conjointly The quantity of matter is alfo in pioportion to the mag- 
hitude of the body and it’s denfity conjointly. If therefore we know the effeds 
of the aitradion of different bodies, together with their magnitudes, we can 
find their denfities, and thence their quantities of matter. 

1060 To find their denfities, put 

• 

. <^=the denfity of the central body. 
f2} = vCs diagieter. 

* «=it’s quantity of matter. 

, P=the periodicAime of the revolving body 

D,!= the "mean diftance of the revolving body from it’s central body. 

5 = the fine of the angle under which appeals at the diftance D, to 
radius anity. 

. • ' D» , D* 

• .Then ^ varfes is but (8i8) P* vanes as which varies as -^-3) 

l^nce, ‘d vanes as ^ ~ hence, d varies as jrpi>' 

• I 

therefore aflume d=j^^. 

* • s a 


For 


ON THE DENSITIES OF THE PLANETS. 


• For the i'KW If we take the earth as the revolving body, ■?= 365,25639 
days, according to M; de la Caille, s = 0,0093155 = an. 32- 1 ",^ 

the mean appaient diameter of the fim, hence, d=' -- — — 

0.0093155 X365,?5639 


= 9,2722. 

Foi the EattJi. Heie we muft take the moon for the revolving iJocj[y, 
theieforc P — days, according to Mayer, j=o, 033155 =fin. 1° 54', 

the mean angle*undcr wlwch the eaith’s m^n diameter appears^ at the nwou , *' 

hence,- <;!= ■ - ■■ - 

o»o33^55 ^ ^ . 


Fory«prier. Mr. Pound obferved the greateft elongation of it’s fouith 
{atclliie to be 8'. 16", and the coirefponding diameter of Jupiter to be 
39"*, hence, the fine s of the angle under which the diameter of Jupiter ap- 
peared at that fatellite at that time was 0,078629, alfo, P = 16,68898 days, 

according to M. Wargentin , hence, d=^ — '-■T';— . 'ril = 7»3857. 

** 0,078629* X 16,68898 ‘ ^ ' 


For Sahirn. According to Mr Pound, the greateft elongation of it’s 
fouich fatelhte is 2'. 58", and the corielponding diametei of Satuin =18", 
hence, j=o,ioii2, alfo, ^ = 15,9454 days, according to Di Halxi 1 , 

hence, d= ^ -— — - .r - = 3,8038 ' 

0,10112* X 15,9454 


For the Gemgian. If wc take the fecond fatelhte, we have, according 
to Dr. Herschfl, it’s gieateft elongation =44'",23, and the coiicrpoiiding 
diameter of the planet = 3", 905 54 , hence, j = 0,0883 > 

1 

hence, d = =====3 — ==== = 8,0149. 

0,0883 13.462. 


1061 Thcfe denfitics of the Sun, Earth, J'upiter, Satiiin and the Georgian, 
.aie as 0,25226, i, 0,20093, 0,10349 and 0,21805. The other pKincts not 
h.iving any fatellites revolving about them, their dcnfities canfiet lie thus 
detcnii'ncd , but they may be found, by obfeiving the efF^fts which thole 

* planet* , 

« ^ I • • 

* From the times in which the fiiH and third fatellites are irTpaiSng over the body of Jii^itcr, 

Sir I Newton computes the dunaetei of that planet at it's mean diftance to Be nhiA 

he ufes ButM dekGRANOE thinks it is fafer to truft to the diameter direflly meafured 
telefcope, he accordingly fnppofes the diameter to be 39" Sir I. Newton reduces the obferv^ed 
diameter 18^' of Saturn to 16'', on account of the irradiation of light (1063), Prom all the 
obfeivations^ we have judged 18'' to be the moft correft value* # • 


ON THE DENSITIES OF THE PLANETS. 

pknets pioduce upon the othei planets in difturbing their motion. Euler, 
however? m his Recherches fur les Perturbations des Planets, obferving that the 
denfities of ^^^arth, Jupter, and Saturn, were very nearly as the fquaie roots 

of their mean motions, or inveifely, as d"*, d being their mean diftancc fiom 
the fun, flippol^ that the fame law might hold foi all the planets, from whence 
* he eftmiated the denfities of Mercmy, Venus and Mars, But the denfity of the 
Georpan, thus determined, does by no means agree with that fojind from Dr. 
ftERscHEL’s^obfeivations. M deJa Grange, in iTis Ithione des Far. Se^ 
des Planets, in tht Hiji de VAcad. Roy.' des Scien 1782, afliimes the denfities 
tp be iiwerfely as their diHances fiom the fun, as being the moft Ample law, 
and which, by liis calculations, anfwers very nearly for the Eaitk, Jupitei and 
Saturn. He computes the diftuibing forces of all the planets upon that fup- 
pofition, and fiom the agreement of the lefults with obfeivation, he fees no 
reafon for changing his hypothefis This gives the denfities of Mercmy, 
Venus, the Eaith, Mais, Jupiter, Saturn and the Georgian as 2,5833, 1,3825, 

^ I, 0,6563, 0,20155, 0,1121 5, and 0,052077 As howevci the denfity of the 
* Georgian, deduced from it’s fccond fatellite, by no means agrees with the above 
law, we may conclude that that law for the denfities is not generally tiue, as 
'it cannot be fuppofed that Dr Hersciiel fliould have erred fo much in his 
oSf^rvations. M. dclaLANDE rfiakes the denfity of Venus 1,0379, as beft 
^ anfiyenng to the motion of flie fun’s apogee, of the aphelion of the orbit of 
Mercury, and of the nodes of Mercury From a diminution of the inclination' 
of the equator to the ecliptic of 50"’ m 100 yeais. Dr Maskelyne has 
determined the denfity of Venus to be 1,024, tiiat of the earth being unity. 
Dr Hfrschel makes the time of the lotation of Mais to be 24,656 houis, 
and the ratio of the diametcis as,i6 ; 15 Hcncc (983), the denfity of Mais 
IS about 0,07, that of the caith being unity But fioin fome obfcivations of 
Dr. Maskelyne ujjon this planet, he has leafon to think that the ratio of 
it’stdiameteis is much nearer to a latio of equality than that given above, which 
renders the denfity, thus deduced, fubjed to great uncertainty. We will theie- 
- foie affume ^the denfities of •the Sun, Mercury, Venus, the Earth, Mars, 
Jupiter, Satuiij and the Gcoigian, as 0,25226, 2,5833, 1,024, 096563, 

0,20093, 0,10349 and 0,21805 

, 10^2. By Art 1038 tiie denfity of the moon • denfity of the fun as 2,44 

i „ and tht denfity 0^ the fun being to that of the eaith as 0,252 i , it fol- 
lojvs, thaf the denfity of the ‘moan • denfity of the eaith • 0,6149 i. Hence, 
prcJ^ortion to tfie above* denfities of th^ planets, the moon’s denfity would 
be 0,^49. 


ON THE DIAMETERS OF THE SXTN AND PLANETS. 


To find the Ratio of the Diameters of the Sun and Planets. 

O - 

“1063. Dr. Herschel found the diameter of the Geoi^gn, at it’s mean 
diftance, to be s"> 95 S 4 i therefoie it were feen at the mean diftanct of the * 
eaith fiom the fun, it would be 74",52. Mr. Pound found the diamelei of 
Satmn, at it’s''mean diflance fiom the eart,h, to be 18", and therefore if, it were 
feen- at the mean ^iftance of the earth fiom the fun, the diametei would be 
1 71", 7 1 He alfo found the diameter of Jupiter, at it’s mean difiante, to 
be 39", hence, at the mean diftance of the earth from the fun, it would be 
202",82. M. Picard and Flamstead found the diameter ofMau to be 
30" when it’s diftance fiom the earth was 0,3815, the mean diftance of the 
earth from the fun being unity , hence, if Mars were feen at the earth’s mean 
diftance from the fun, it’s diameter would be ii",4. Dr. Herschel makes 
it 8’',94, which is probably the moft accurate. The apparent diametci of the 
Earth feen fiom the fun is twice the fun’s horizontal parallax, 01 17", 5 (629*). • 
In the tranlit of Venus over the fun in 1761, M. de la Lande, fiom his own 
obfcrvations, and thofe of Mr. Short, found it’s diametei to be 57", 8,* 
hence, the diametei of Venus, feen at the mean diftance of the eaith liom tl¥i 
fun, would be 16", 7 The diameter o£ Mercury, meafured by Di Bradl'ey 
in 17Z3, m It’s tranlit over the fun’s dife, with a miciometcr to Huygi'Vi’s ♦ 
telefcope of 120 feet long, was found to be 1 0,^75, hence, it’s diamcici, at 
the mean diftance of the earth, will be 7", 27, M do la Lande, fiom the 
tranfit in 1753, found it to be 6'’,5 , we will therefore take it 7". The dia- 
meter of the fun in it’s apogee feen from the earth is‘ 31'. 29",'2,, acCoiding to 
Dr. Maskelyne, according to Mr. Short," 31'. 28", according to M. de 
la Lande, 31'. 3o",5, Di. Maskelyne’s is a mean between the orhci tw?», 
we will therefore ftate it at 31' 29", and as the diffeicncc of the diameters un 
It’s apogee and peiigce is i'. 5", if we add it’s half, 32''',5, to 31' 29" we hav'e 
32' i",5 for it’s mean diameter. Sir I New,ton fuppofes tljat there is a 
ibnfible aberration in all telefcopes, which makes the image of the Ohjcifl in the 
focus of a telefcope greater than it ought to be. He obfgrvcs,*that this aber- 
ration has a lefs ratio'to the diameter of Jupiter in long than m fhori telefcopes j 
the latter therefoie will give the greater diameter. Whatredudion muft be * 
made from the meafured diameter by any telefcope'm order to get the. rCal di- 
ameter, It is not eafy to fay. M de la Lande thinks youtmay allow 5n.for'a 
fmall telefcope not very perfeft. This will make the diameter neaily thc^fame 
as that ufed by M. Cassini in his Tables, who probably had not a very good 
telefcope for that purpofc*. On the contrary, when a planet appears o».the 

fun, 


THE (ilTANTlTIES OF MATTES, AND WEIGHTS OP BODIES ON THE PLANETS. 

fun. It’s diameter, meafuicd by a telelcope, appears lefs than it is, owing to the 
irradiation of the fun. The diadietci of the moon in 1748, meafuied upon « 
the difc^of the 4 in, appeared 6 "' lefs than when meafured off the fun. Hence, 
the diatneteis of the Sun, Meicury, Venus, the Earth, Mais, Jupiter, Saturn 
and the Geoig^n are as 109,8, 0,4, 0,9543, i, 0,5109, 11,593, 9>8x2 and 
4,258. • ’ ' 

1064. We have found the denlities (1060), and (1063) appaicnt diaiiieleis 
of aJl t'he planets feen at the mean diftance of the qaith from the fun, which 
' mull reprefent the raho of their real diameters, and as the quantities of matter 
*in fphtfrical bodies are as the cubes^pf their diameters "and denlities conjointly, 
we find the ratio of the quantities of matter in the Suo, Mercury, V«nu« 
,the fiarth, Mais, Jupiter, Saturn and the Georgian as 333928, 0,16'^"* 
0,88993, I, 0,08752, 312,101, 97,762 and 16,837 

1065 The diamecei of the earth is to that of the moon as 1 1 
0,2727, therefore the magnitude of the caith that of the 
,02028, 01 very nearly as 49 i, and their dcnfitics fioha) ar"^^ ^ 
therefore the quantity of mattci in the eaith that of the r ^ 

If we affumc, with fome AnthotS, the dcnlity of the *■ ^ 

jfs 2„5 • 1, the quantity of matter in the Ciirth that Hioon .7 i, or 
I . ,0128 Alfo, the gravity of n body opon the r-tl* “ “ »“ •''= “O” 

as I : 0,1677, ^ 


.yOn 


1 as I 
1 


'' n find the relative ^Feiglits of Bodies of the Planetu 

1066. The weight of a given body->n a planet muft be m propmtionto 
the forc& witlr which the planet attr?-ts it, the weight being the effect aiifing 
from that caufe. Now when*thc vanes inverfcly as the fquare of the 
tfiftance, d a body be at the fo’thce of the fpheie, the attiaftion (837) vanes 
P'S the dfameter and! denfity conjointly , confequently the weights of equal bo- 
'clieson the furfaces of di^ient planets, vary as the radii and denfities conjointly, 
or aS the diameters and denfities Hence, the weights of equal bodies on the 
fuifaces fit the Sun, Mcicury, Venus, the Earth, Mars, Jupiter, Saturn and 
the Geoigian aie as 27,7, IJ0333, 0,9771, i, 0,3355, a, 3287, 1,0154 and 
0,9285, thefe numbers thercfoie leprefentthe forces o£ gravity upon the fur- 
"febts of tljefe refpedyre bodies. 
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ON THE LIGHT AND HEAT OP THE PLANETS. 


U4 

1067. The following Table exhibits the telatlon of the dcnfitics, diameters, 
quantities of matter, and giavity on the furface of the refpediyc bodies. 


Planets 

Denfities. 

Diameteis. 

Quantities of Mattel 

"Gray, on Surf 

Sun 

0,25226 

109,8 

333928 

27,7 

#• . 

Meicuiy 


0,4 

0,16536 

• 

Venus 

A 

1,024 

o>9543 

0,88993 • 

• 0,9771 

■ 

■ — 1 

I 

t 

I 

• 

I • 

Mars 1 

0,6563 

0,5109 

0,08752 

0.3355 

Jupitei 



3x2,101 

2,3287 

Saturn 

Ojft. 

^9 

9,812 

. 97>762 

1.0x51. 

Geoigian 

0,21805 


16,837 

0,9285 • 

Moon 

0,6149 

1 0,2727 

0,01245 

' 0,1677 


Fig. 

^33* 


1068. The intenfities of light am heat which the planets receive from the 
am, vaiy invcifcly as the fquares of their diftances fiom the fun. For lot L 
DC a point fiom which light or heatdiverges, abc a tiianglc upon which diey 
fall, produce La, Lb, Lr to A, B, C, and let AB,BC, AC ho rcfpcftively 
paiallcl toab^ bc^ aci then the tnahgle^j^ i^fimilar to .^JJCj^'and the fame 
quantity of light or heat (fuppofed to proceed in ftraight lines) which fall on 
abc, would, if that plane were removed, fall on ABC, and theic occupying 
a greater fpace, the intenlity muft be fo much lets in propoi tion as the Ipace 
gieater, hence, the intenfity on abc • the intenfiiy oh ABC *. ABC : abc 
AB • ab LB^ : Lb’', To apply this to the fun and plancte, we have 
(717) the diftances of Mercury, Venus, the Earth, Mais, Jliyit'i: Saturn, 
and the Geoigian from the fun as 4, 7, 10, 15, 52, 95 aad 190, the inveifc 


10’ 


- 10 

j I, 


10’ .10* 

--T and 


10* 


~ , or "as 

-S*« •' 


fquares of which are as , 

,25> a, 04, I, 0,44375, o>o3^^75» 0,01106 aisd"oroo 276 the relative inten-, 
utics of light and heat which the'refpedtive planets receive from the fun. 


. 1069. The 




at M^trs^ 


ON THE APPARENT DIAMPTER OP THE SHN AT THE PLANETS. 

1069. The apparent diamejer of a body is inverfely as it’s diftance. Af- 
fuming theiefoie the mean diaraetei of the fun = 32', we have the apparent, 

diametei of the Sun at Meicury = " x 3z'=5 8o', at Venus = -^ x 32' = 45^7 , 

2 - 7 

i’= liix32'=2i',33, at Jupitei = ^x32'=6',i5, at Satmn = ^ x 32' 

and at the Georgian = x 32'= i', 64. Hence, the appaient dia- 

V rrreter of the fun atithe Geoigian is only about 2| times greater than the appa- 
ient *dianiet€r*of Jupitei fecn fiom the eaith at it^s nifean diftance- 

• • 

' The following Table exhibits the lelative intenfitics of light and heat at the 
different planets, and the apparent diameter of the fun feen horn them. 


Planets. 

Intenfitics of 
Light and Heat 

. 

Appaient 
Diamctei of 
the Sun 

Meiciiiy 

6,25 

80' 

Venus, 

2,04 

43>7 

Eaith 

I 

32 

Mars 

■ o >44375 

21.33 

Jupiter 

0,036875 


Satui 11 , . 

o.oi 106 

3.37 

Georgian 

<• ^ 

0,00276 

1,64 


[ ] 


CHAP. XXXVI. 

'*■ r 

ON 'JHE MOTION OF THE PLANES OF THE ORBITS OF TH^ PLANETS, 
FROM THEIR MUTUAL ATTRACTIONS. , 


~p^Y companng the modem with the ancient ob"fefvations, it 


Fig 

294 - 


Art 1070.' 

appears that the latitudes of the fixed ftars vary, and that 1.116 
mean inclination of the ecliptic to the equatoi gradually diminiflies ; the former 
can arife only from an alteiation in the pofition of the ecliptic M. Godin, 
in a Treatife on the obliquity of the ecliptic, judged that it’s diminution was 
owing to a change in the ecliptic. He compared the pofition of the nodes of 
Juptt&'s orbit, obferved 241 years before Christ, with that obferved by M. 
de la Hire; and fuppofing the plane of Jupiter!s 01 bit not to be changed, he 
concluded the ecliptic 'muft His conjefluie, partly true, led him to affigu 
the tiue caufe of the diminution Kepler and Tycho obferved that the 
latitude of the ftars was fubjedl to a change, the foimer concluded that it was 
owing to a change in the pofilion of the ecliptic, and that it arofe from feme 
phyfical caufe, he folpeifled that it might aiife horn the lotation of the fun 
But aitei Sii I Newion had ellabliflied the dodiine of unncrCxl giavitation, . 
it was evident that the planets rauft diftuib each othei’s motions, the coufe- 
quence of which muft be, that as their orbits arc inclined to the ecliptic, 
they muft tend to difturb the motion of the earth m the plane of it’s 01 bit, 
and tliercfoie fubjeft the ecliptic to a change in it’s pofition. EuLiiii full 
computed thefe eftedts on the earth, and found tha’t they would folvc the above 
phasnomena, and alfo give the variation of the inclination of thou orbit*., and 
retrograde motion of their nodes The method heie givcif of invcl ligating 
thefe mattcis, is fimilar to that by which we deteimin^d the motion of the 
moon’s nodes 

G « 

1071. Let N^i be the oibit of the body .^inclined to NJn the plane of 
the oibit of the body P, NSn the line of the nodes , diaw PJS^ and Ja per- 
pendicular to the plane N'^i, and AK, aK perpendicular to then AKa is 
the inclination of the oibit of ^_to that of P; produce S'a tp ‘U^and duw Pv 
parallel to Aa^ and confcquently perpendicular to t^te plane l^§ln , join ^ 
whifh latter will he in the plane becaufe v ds in that plane, and 

draw perpendicular to PS, and to Nn. Put SP=a, 5 ^=^, Su — Xr 
and J=fin. AKa , alfo, let i . m :: quantity of matter in P ; that in the fun 

Now 




Ojr THE MOTION OF THE PLANES OF THE ORBITS OF THE PLANETS 

Now if SA reprefent the force of S towaids P, then Aav^ that pait of the foica 
whicl^aifls pespendicularly to the plane N^i, and Aaz=s x AKi but the foice 

of S to P vanes as — , and not as SA ; hence, SA : •• r x AK : that part 

^ a a ^ 

of the*foice of P upon S which ads peipendicularly to the plane of the oibit of 

X ^ X fin NS A to radius unity Now any lines »;«, zx paiallel 

1^ * 
to^Pi' will be perpendicular to the plane N^a. Hence, if Sm, reprefent 

the forces of S to P and ^to P, then ma, zx will reprefent that part of each 
force winch ads perpendicularly to the plane N^. ‘Let tlierefore Sm reprefent 

• then fnn will repiefent x fin. NSA, and let alfo reprefent 

hence, and by fimilar tiiangles, 


Pv SP . mn Sm • x fin NSA ~ 

a~ a 


PH Pv ®z = 


s X fin. NSA . 1 


c sxSP 

P^: SP, • p^xfm.NSA zx= NSA- 


+ 2 / 7*1 


Ixfin.N^^, 


which IS that part of the foice of P o n ^ which ads perp endicularly to the 
plane NHjt Hence, Jxfin. NSA x ^ ~ =the diffeience of 


X ' a , '-***>-* -Ml.* v/i 

• ^ a 

the foipes by which S and ^ are diaw'n from the oibit or" the whole 

foice with winch ^ is diavva fioin the plane ol it’s oibit about S, Now 

is the foice of ^towaids 5 , hence, if be an indefinitely linall aic, we 

- « 


Iw^c (as m Art. 9a/) 


rxfin NSAx ■=z:=£s=r, - -i 
a b 


s xh X y fio, N SA 

% 

m . + 


the velocity generated by the 


^ fojrce drawing the body. fiom the plane of it’s orbit, *the velocity in the oibit 
|je«ng;^w; hence, this velocity : the former ;• i . 


‘I 4 b — 2 


1072. Draw 


ON TUb MOTION OF THE PLANES OF THE ORBITS OF 
10)2 Diaw wt pcipcndicular to the plaife N^i, md take it to as 


rx^x^TO'<fin NSJ 


— to i, and draw the' oibir 


and ?/«' will be the cotemporary motion of the nodes Diaw «'( 

peipendicuUr to then tvt fin oi which is ^L, n'i 

wtx<^L , > wtx®L , /'w/x'S.Z- 

“ — ’ and fin s)in'^{s) ns =. — — . rad.= i : nn = 


^ 7 V 


sx §iw:- 


h X §lw X §IL x'fin NS A. 


a 


m 


X ■ — I 

+ — 2 aI : 


1073 Duw Di perpendiculai to PAS, then is the fin. N 
= fin. ^SD dz NSD =fin. ^SD x cof N5D ± fin. iVSD x cof. i^ 5 i)^fin 
^SD X fin NS A d= cof. NSA x cof ^SD Now in a whole revolution of , 
the lafl: teiin will be deftioyed by the oppofition of figns in the oppofite qua- 
diants, and theiefore to get the mean motion of the nodes in a levolution, w'o 
may ncgleftthat term, hence, if we fubftitute fin ^SDx fin NSA foi 


put b=i, and x for fin ^SD, we have nfi' = 


b X XXX fin NSA ^ 


m 


a 


— But to deteiraine the value of this quantity for a whole - 


and multiply it by .v, aixl 


/?+ I - 2 ^ 7 .v]t 

icvoIution of we inufl evpand 

+ 1 - 2^’" 

then take thofe terms only which contain the even powcis of x, for in oppofite 
quadrants x having a diffeient fign, the odd powers will dcflioy each other in 

2 , L 

a icvolution. Now by Sir 1 Np-wton’s Bipopiial Theoiem, P + /^" = 
■P" + T — ;777" — ~ — Ci^4-&c. where A, B, C, (Ac rcprclcat the'' 


« 


2M 


3 « 


pieceding term , and to make the expanfion of the above quantity converge," 
the powers of a muft ftand in the denominators^ hence, P=a*y ~ - 

(T 

zx • <** 

—5 f = - 3 ’ « = hence, by expanding the above quantijy anif multiplying 

each teim by x, and taking only the even powers of x, we have ««r=^ 

r{4.6e,x* 9009a;* . fiASita;®'! 1 , 

'Tel? ' i’6fl*"J * principles of phne 

Tiigonometry 


+ 


“ THE PLANETS, FROIVf THEIR MUTUAL ATTRACriONS. 

» O 

Tugonometry (fee Crakelt’s ?>/^.)> a.'* = | - | cof. cof. 

2SiSD+ -g cuL 4^SA ^ cof. 2^S£)+ ^ cof 4^SZ)-~,cof 

6 ‘^ 5 Z), ‘.V* = -il - 4 cof. 2^SZ) 4 - cof 4^^I) - - ? cof 6 ^ 52 ) + 
^ i28 i6 ^ 32 ^ * 16 ^ 

I *• 

— ; cW. 8‘^*S'2), and in a whole revolution of the oofines of z^SD, 4^82), 

6 8iiJS2),^ &i tfr. will deftroy each other by tfee oppofitlbn of figns in 

the oppofite quadrants, and therefoie to get the mean motion of ^ in one re- 

3 X 

8’ 16’ 


Tolutiofl, we may negleiSl: thofe quantities, and fubHitute only 


foi .5(®, X*, A®, A*, hence, by colleding the tcims, and fubHituting 360* 
1 28 


foi Szv, vve have nn'= 


I X 3^Q° X NSA^ 


X i + 




4-125 


• • 


Z/tixa’ '6d 
the mean motion of the nodes m*one 1 evolution ol i^, the place of P being 

given Now accoidiDg to the mcieafe of the teims i, 


xr *1 * * 9 1 . / 8 ^ ^60“ y fini N SJ’' 

ipay aflume the next term - , hence, vve get hh — « j x 


zma’ 




I? 17s . 

I 4 4 + 

’ 8ti- 64rt'® 102441' 


-2.J 

za 


? + ' 


If hny fui'ther-'term5 fhould be lequhed, 

the law to winch they are obferved to Apptoach, Will enable the computer to 
fupply them to a veiy confideiablc degice of accuiacy This is neceflaiy, 
when the difference of the diflances 5 P, 5 ^ is frtiall in refped to 
thofe dilbancis As the lin ^ iiA~ =-\ — \ coL iNSJ, it we fubfti Lute this 
qttantiry for iin. NSA'', we may, for the fame realon as above, negled 
I cof zNSA for one revolution of P, confequen|ly the mean motion ««' 


of the nodes will be x i + + 7"^ H — 


za 


This is 


4W4' ■ 64a* ' i024tf° 

the mean nicrion of the node*of an inferior planet upon the orbit of a fuperior, 

from the adion of that fupeiior. , - 

% 

1074 To get the motion of the node of a fuperior planet from the adion of an 
iftfenor, a bc^ome^ lelg than h, or lefs than unity, thei efore the powers of a mud 
|0 ifi tl*e numerators, hefice„P=i, §l^=a' — zaXi and, by a fimilai procefs, 


we get ««'s= 


3 X 360® X a* 
4m 


X 1 + 


^ 5 «* , LZiiL* , 


9 ^ 


64 1024 2 


This is 
the 
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1024a 
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ON THE MOTION OF THE PLANES OF THE CEBITS OF - 

the man motion of the node of a fuperior planet upon the orbit of an infcuoi, 
from the adion of that inferior. 

To find how much the nodes of the orbit of Jupter go back upon the orbit 

I ** *07^762 

of Batumi from the difturbing force of Saturn. Here we have ^ > 

m!* 

fl = — j hence, in one"! evolution of Jupiter, «?/=ii3", 01 at ilio i^«“ ot 
52’ ^ ' • 

about 9^,9 in a year. -Edler makes it 10" _ « 

To find how much the nodes of the 01 bit of Satuin go back upon tj'*. o.bit 

I 212 101* 

of Jupitei, from the difturbing force of Jupiter. Here we have ^ — ,’ -7^ , 

4[= 4 ^, hence, in one revolution of Saturn, ««'=659", or at the rate ol about 
95 

22" in a year, Euler makes it about 18". 


'fha Motion of the Nodes of the Ecliptic upon the Orbits of all the Plmictu 
from the Attr actons of the refpeSiive Planets. 

I • 

t 

To find how much the nodes of the ecliptic go back upon the orbit ol the 

Georgian^ from the diftuibing force of the Geoigun. Hcie we have 

16 827 * 

— (j! = ioi hence, in a year nn' — %G"' \ therefore the fcculai motion 
333928 / . . 

IS 43"'. 

* 

fi 

To find how much the nodes of the ecliptic go back upon the orbit of 

Saturn, from the difturbing force of Saturn. Hem we have - , 

a =9,5; hence, m a year ««'=2o"',34, therefore the feculai motipii is 34". 
Euler makes it 37". 

To find how much the nodes of the ecliptic go back upon the orbit of 

Jupiter, by the diftmbing foice of Jupiter. HerS we have 

a=B^; hence, m a year ?i«' = 6",93; therefore the fecular motion 1^*693''. 
Euler makes it 695". 


“THE PLANETS, FROM THEIR MITTHAI, ATTRACTIONS. 

To find how much the nodes ‘of the ecliptic go bock upon the orbit of 

Mars, fiSir the attradion of Mars. Heie we have I = 

, t ^ 3 '?^Q 28 ’ 

hence, in a_>c.n Ihetefoie the fectilar motion istl'' 

^ To^ find how-much the nodes of the ecliptic go bk upon the oibit of 

from the diflutbing foice of Venus. Here we have - = 

<f 1 • W"' 222028 * 

^=0,72, henei:,.in year«m'=j”,j8; tfaerefoie the fectlkr motion u ,58" 

buLER makes It 533^ - ^ " 

♦ • 

To find how much the nodes of the ecliptic go back, by the aftion of 
Mercuiy, upon the oibit of Meicury. Here wc have i = 

, 332028 ’ 

hence, m a yeai »n' = 0 ''', theicfoie the fcculai motion is lo" 

107 The inclmatioa of the oibit of ^ (o that of P will be fubjea to a 
like vaiMtion with the inclination of the moon’s oibit to the ecliptic and bv 
the veiy fame reafoning it appears, that the mean inclination of the two oibits 
will ncvci vaiy. It b therefoie imneccflkiy to give the inve/ligation as it 
would only be a repetition of what we jiave already very fully explained. * 

1076. Let AN, BN be the orbits of the two planets, CE the ecliptic, and Fig 
let us call the planets and P refpedively, then (1073, 1074) the attiac- 23^. 

0 bit of ,iiKl tlj attiaa.on of 7 J upon A will make the nodes of the oib.t of 
Ago back upon I ho oibit ofP,.Ut (1073) the mean inclination of the two 
orbit, will remain the fame. Hence, if NJ, NB be the mbits of two planm 
^and B, moving towards N, the attradion ol B upon A will biino the orbit 
AI^ into the pomion Av, and the attradtion of A upon B will bring the orbit 
in 9 the pohtion b zv , {*0 that fiom their mutual attiaduns, the node will 
be bioiiglit tij’/i and the angle at n will be equal to the angle at N. But m 
.refpea to tlic ccLpti^ihe nodes of the orbit of^ m Fig. ^35. go backwaid^ ' 

the nodes of the oihit of P go forwards; but the contiary in Fig. 

Noy lUs maniLft hom die figures, that, as the points A and P, about winch 
each Oi^it revolts, ^le 90“ tioin the node N, the node of the oibit of A will 
be diced 5 r retrograde upon the ecliptic, according as zN i, Icfs or gi eater 
tjian 90^, and the node of the orbit of B will be clued or letiograde, as\«i^i3 
gieater or lefs than 90*. ^ Now, whethei zN, xN be gieatei or lefs than 90“, 

, may 
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te Wwn fiom tho trungle where we know the anklet .r 

and z the inchiuiion of the two orbits, and *z the-diftanca of their 
:1s!’ Now to detciniine the motion of the node in any git en ti.e 
we have, by the vaiution of the mangle ziVz (fo CRAKttrs 7, i ) 

„ - vat, zxcot. zN _ 

fin. Z : cot. zN *:: var. a rz - ^ 

Nv < liii A X fin ,Ya X cot zN motion ol the iiook-ot tlu' * 

f,n A'xfin.'.va) 

oibit M upon the ecliptic, m the time die node moves thwogli tipoii 
rhe orbit of 

Ex Let A leprefent Mars, and B Jupiter; then Arz=-5o». aa, tbc an^e 

and the angle Nair = i» 51'. alfoiV.;=i4".^ acco.dmg toM. . 

dc la L VNDE (found by Art. 1073), hence, Nz = 135“- 5 '> 
than 90S flaows that the node of Mars is retrogiade upon the fu>m ic 

^ I 4%2 X fin 178 * 41 X ‘jQ ^ ^ ^ l ib— ^ 

adion of J upitcr , hence, rz = = fin. 1“ 51' 

^ 7^83 motion of the node m a year, therefore 13 “ 3 ' the fcculai tiioftont *, 
As Nx = 4.^°. 55', die node of Jupiter is regiclTive. 

1077 The angles at N and -o- being equal (1075), the mtcrfcaion // alTout 
which the orbit moves mull be 90“ fiom N 01 <1; Hence, as the two oil^ts 
Av and BN, Bw, diveige fioin each othei in each diicdion foi 90 fioni A and , 
Tiki th,^ in ih cure .lie nngle .« r is left ih.tn tlut .11 z, ,tiid ilivietore 
the inclination upon the ecliptic is diminiaiedi but the angle .c i 
than that at and tlieicfore the mchnauon upon the ahpuc .is i iutahd. 
Hence by placing the nodes in all their 'diffeient pofinons, we deduce tins 
rule given by M de la Lanue. Wheneuer the node of the mbit of the ^met 
whilhattraas, ts forwarder than the node of that which is. attraffed the m matwn 
of the orbit of the atti aSed body to the ei hptic ts dimtntfhed, if the dijhuu c of the npeks . 
be lets than i8o% oiherwtfe, it is mieafcd. We here mean the lame node, i nt 
is, the afcending oi defcending one Now if wc aiiangc the pianels actoiduji,^^ 
to the fitualion of their nodes, beginning with that whofc node Is ioiwardcll, _ 
they will ftand thas . Sattun, Geoigian, Jupitei, VenuS, Mai', and Mwtii} . 


* By fphencal Tngonomeuy (Caonoli, Traitl ie P ^7^ ) " J . iVff-JKixIi"’ * 


fin 5- Nxz'^N'itx 


.... ^ ^ and tan. i . iV» 4 i • X 

fin 4 • titxK + Nxx 


at Ir 


cof i iv,»$ + Pkex 

hence, findmg^hairtLTum and difference of we get'iV* and iV^. Thaswe atonce 

determine, whether the node of each is nrotrreffxve or regreffive. ^ ^ 


THE PIANETS, FEOJl THEIR MUTUAL ATTRACTIONS. 

0 

Hence, Saturn dimmiflies the inclination of all the other oibits , Jupter in- 
creafes that of Saturn, and diminiQies all the left , and fo on. This is upon 
fuppolkion that? the ecliptic is immoveable. 

1078. Now to find how much the inclination of each varies in a given time, 

we may cpnfiaer the triangle Nza: to vary and become vrx, wheie the two 
angles x and iV remain conftant, hence, by jpherical Xiigonon^try 
(CRA^ji^ELT’s variat. ^z=Nvx^a Aixfin xz. 

\ ^ • 

, Ex. The node of'Mars goes back upon the orbit of yi^/ter in a year, 

alfo tl!e aagl(i<>NxE for Jupiter is i*. 19', and the diftance zx of then nodes = 
50“. ^2', hence, Jupiter diminiflics the inclination of the mbit of Mars by a quan- 
.tity = f4",2 X fin. 1“ 1 9' X fin. 50*. 22' = o", 248 in a year, 01 24'\8 in 100 years. 

1079. The following Tables contain the annual movement of the nodes, 
and the fecular change of the inclinations of the orbit of each planet from the 
attraction of the reft, according to the theory of M. de la Grange. 


ANNUAL MOTION OF THE NODES. 

By 

tlie AEtion of 

Meicury 

Venus 

Mars 

Jupitei 

Saturn 

Mercury 

— 

+ o",r6' 

- o".32 

- o",3i 

- o'\xi 

' Venus 

- S^Sl 

- 7>46 

— II, 80 

-17. 56 

- 8,06 

Earth 

- 0, 87 

- 6, 69 

- G 77 

— 0, 01 

— 0, 00 

Mars 

- 14 

V— 0, 29 

- o »43 

- 39 

- 0, 14 

Jupiter 

- 2, 18 

- 5 > 13 

— I I, 0 

- 6,95 

— 12, 28 

Saturn * 

— 0, 12 

- 0, 09 

- 0,47 

00 

00 

+ 

- o >34 

■> Total 

- 8, g8 

- 50 

- 25 » 79 

- i 9 > 34 

- 20, 93 

0 

PiSceflion 



5 o> 25 

s°> 25 

50^25 , 

Mot. in long. 

41, 27 

•n — 

3 o> 75 

24, 46 

S'o. 91 

29 j 32 


' -5 

•'TJie firft perpendicular line fliows the body which attrafts, and the. fiift 
honjjontal line, the body which is attracted When we fee, for inftance, that 
Mars attracts Mars — ©",43, it is not that Mars attracts itfelf, but it dilplaces 
Vol.il * U the 



ON THE MOTION OF THE PLANES,'OF THE ORBITS OF 

the ecliptic, and makes the nodes of Mars move - o",43 upon it. And by 
fubtradtmg the regreffion of the nodes from the preceffion of the equinoxes, we 
get the motion of the nodes in longitude. In order to adapt the efFedt of 
Venus m the fecond horizontal line to what it would be upon^ar fuppofition. 
of It’s denfity, we muft dimmifti all the numbers in the ratio of 1,^3825 ; 


i,Q#t4* 


SECULAR CHANGE OF THE INCLINATIONS. 

'' <r 


By the 
ASiton of 

Mercmy 

Venus 

Mars 

Jupiter 

Saturn '■ 

Mercury 

o",oo 

+ 1^94 

- o",o5 

- o",95 


Venus 

+ 95 4 ^ 

0, 00 

+ ^ 7 > 95 

-17, 67 

-26, 65 

Mars 

Oj 06 

-0, 42 

0, 00 

— I, 06 

- I» 25 

"Jupiter 

+ 9 > 87 

4“ 2, 60 

-1 3," 20 

0, 00 

+ 5> 89 

Saturn 

4 - i> 04 

+ Oy 35 

- 1,45 

- 7 > 5 i 

0, 00 

1 Total 

+ ^0, 43 

+ 4 > 47 

+ 3>45 

-27, 19 

-23, II 




We muft diminilh the fecond hoiizontal line as before, m older to adapt it 
to the denfity which we have affumed. This feculai change of inclination takes 
into conlideration the difplaccment of the ecliptic. 


Oh the Change of the Plane of the Echptu 

r 

1080 Let r L be the pofition of the ecliptic at lyiy given time, B FA the 
orbit oi Venus, r -B the equator. Then as theattradion of Venus upon the 
earth caufes the orbit of the earth to go back upon the oibit of Venus, let rrV 
be the next pofition of the ecliptic Now as the longitude t A of the node of 
Venus’s orbit is aboilt 2*. a.nd the angle rAF=rVB, becaufe (1075) 

the inclination of the two Dibits is not altered, we hSve^.^r = 90% therefore / 
lies backwards beyond v , confequently the eclipdo has gone forwards upo» the 
equator from ^ toe and from the motion of the ecliptic, .the latitude^ and 
longitude of the ftars will be affeded. Hence, fuppofing the triangle x 
to become cBF, and the angles B and F to remain conftant, we have (as m 
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JFx{m.B:nG.n yB-xcot ,, ^ . 

Art. 1076.) ^c— ” (becaufe un. 5 xlin. 




V J5 = fin. ^ X fin. y A ^ and fin. A x cot. ^ A = cof. t A ) 

A F X fin A \ cof. y A^ piogreffion of the equinoftial points upon the 
fin V 

equator, from'^the adion of Venus. Now to find th a value of this upon’»the 
ecl^ti’c, draw c 0 perpendicular to y A, and then we ftiall have \ 0 = 

X cof. "V A _^y ^ ^ ^ ^ ^ pj.Q_ 

• . fin • 

greifion of the equinodial points upon the ecliptic. ¥ot ^J upiter, Satur% and 
, the bmgtan, A lies above three figns from ^ and therefoie r lies on the other 
fide of T as in Fig. 238. therefore c and 0 he on the othei fide of •p ; con- 
fequently they cai'fe the eqmnodial points to go backwai ds , but A being 
lefs than three figns for all the other planets, they caufe the equinodial points 


*5 


to go f 01 wards. 

T081. Now to find the variation of the angle y , we have, (as in Art. 1076 )< 
vanat. A. t = AV x fin. B a fin. -'V' jS = (becaufe fin 5 x fin ff S = fin Ax fin. 
\ A) AV X iva.. A X iva. ^A. Now as Ft is 90“, Fr is conveiging to Ar, 
and therefore the angle BcF is lefs than BrA^ confequently Venus dimimflies 
the obliquity of the ecliptic And as v is lefe than 90* for all the planets, 
'they a/l tend to diminiflh the obliquity of the ecliptic When, by the motion 
of the equinoxes and node A^ t A becomes greater than 180% it’s fign becomes 
negative, and the obliquity will be increafed Hence, when tlie longitude 
of the afcending node of a 'planet’s orbit is kfs than '180% it dimunjlies the 
obkquity of the ecliptic, but when greater than 180% it imreajes it 

1082. To find the variation in latitude of any ftar s Diaw Svw perpen- 

* , >, rr-, AV x{in A X co[ ^ A . 

dicular to Vt, and sx to lA, *11160 as r- , theie- 

^ nil fy' 

*fore co = AF x fin.^.,^ x cof r A, and co . vw • fin. rr fin t w cof. ^y 

.cof Avt hence, vw — AF x fin Ax cof Av, the vanaiion of UmiJide 

1083. To find the vtrlation of longitude Fiona the vanation of the light 
angled triangle srx, whof» h3''pothenufe sr is conflant, wc find (1047) 


yw X taSi ^xfin. Ax x tan lat. — AF x fin. Ax 

tan. xr • 

(fip of longitude of the far — longitude of the node of the planet’s orbit) x 
'‘ tyi - of tlte ^ai’s Jatkude. This is one part of the variation , but as the ecliptic 
, ]jg,s mt)ved tipon the equlht6n»from t to r, the longitude of all the flars will be 
alft alteied by <^o — AF x fin. A x cot. y x cof y A. Hence, the whole va- 
n^ton in longitude = AF x fin. j^x fin .v— y.^x tan \iX. — AF x fin Ax cot. 
Y xcof Y*-^» where rcgaid muH be had to the figns of fin. Va?- TA, tan. 
* , u a lat. 


Fig. 

238. 


Fig. 

^ 37 - 
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ON THE MOTION OF THE PLANES* OF THE ORBITS OF 


. lat. and cof T A, the laft of which changes for Jupiter, Saturn and the Georgian, 
becaufe for thefe planets, r ^ is greater than 90“. If the ftar fee very near the 
pole of die ecliptic, the expreffions fail. Hence, if " 

m =the inclination of the planet’s orbit to the ecliptic, ' * 
r w= the obliquity of the ecliptic, ^ 

Z= the longitude of the afcending node of the planet’s 01 bit, 

/ = the longitude of the ftar, , 

t =it^ latitude^ ^ " «. 

a =AV, then, 

• • 

I. tfxfin. OTxfm. Z = the dmit^tion of the obliquity, whilft the fin. L is’ 
pojitive, which is the cafe at piefent for all the planets. When L becomes 
greater than 180°, the planet will mcrcafe the obliquity (1081). 


II ax fin. ni x cof. /— Z — the tncreafe of .the latitude of a ftar on the north 
fide of die ecliptic, within 90“ longitude of A^ but the deaeafe for one on the 
fouth fide. And the contrary, if more than 90” longitude from A (1082). 

III. 4xfin. ffzxcot. wxcof Z = the progiejjion of the equmoftial points 

^ Pofif^ve, and the ^egreffion, when negative. 

ly. ax fin. mxfin. /-Zxtan. ^ = that part of die vainL-) - of the ftar’s 
longitude which belongs to each particular ftar (1083), wheir t muft be writ- 
ten negative when the latitude is fouth. Th;s expreflion is fulficicnt, when we 
only want to coinpaie the variation of the longitudes of two ftar*; in refpeft to 
each other. The part (1083) common to all' the ftars is ax {in. m x cot. w 
X cof Z, which dimmijlies the longitude when cof Z 1% pojit we, and tticreafes if 
when negative, and therefore it muft be written negative tc give it it’s proper 
efleft. Hence, the whole variation in longitude x Isn m x fin. 7 ^ x tan. ^ 

- a^ m X cot. -k;x cof Z, icgard being had to the figns of the.quantfties, 

liii I L, tan. r, cof Z, wheie the longitude will be maeafed ox'dminijlied, 
aiccoiding as this quantity is poftttve or negative. ' 

• ^ 

, 1084.^ Thefe expreffions agree with thofe in VEiftoire dO' 4 cad.,det SetenW 

1754. given by M. Euler, who firft difcoveie<ian 4 explained ehe c-sulSof 
tu$ Qinunutioa of the obliquity of the ecliptic. ^ 


' THE PLANETS, FROM THEIR MUTtrAL ATTRACTIONS 

1085. The following Table tontains the values of a for the iefpe6tnc 
planets,, according to oui determination j together with the place of the nodes 
of each, their fecular motions in longitude, and the inchna,tion of their oibits, 
according to M. de la Lande. 


Pianets. 

i’"' ' ' — 

Node in 1730. 

Secular Mot. 

Inclination. 

• 

<7 = 

'Mercury 

I’. 15®. 20'. 43" 

I®. 12'. 10" 

7®. , 0 . 0. 

^ 10'' 

Venus 

2. 14 26. 18 

0 31. 40 

3 * ^ 3 ' 135 

558 ’ 

Mars 

I. 17. 38 38 

0. 46 40 

I 51 0 

22 

Jupiter 

3 * 7 - 55 - 3 ^ 

0. 39. 30 

I 18. 36 

693 

Saturn 

3. 21. 32. 22 

0 55 - 30 

1 

2. 29. 50 

34 

Georgian 

3 - 12 * 33 31 

- 

0. 46. 20 

i 

o »7 


The fecular motion of the nodes of the Georgian cannot yet be determined 
fiom obfervation. By theory, M. de la Grange makes' it but 

M. de la Lands makes it zo". 40'" from taking a dijBTerent quantity of matter 
for Ferns. . ‘ ^ ‘ 


On the Motion of the Eq^tunoxes from the dtfurhmg forces of the Planets upon' 
the Eattk' • 

• 

*1086 By Articje 1083 motion of the equinoctial points 

upon the ecliptic in an hundred years at this time is, cot 23“ 28' x 
(10" X fin. 7* X cof 45". ai'+ 558" X fin. 3* 23^5 x cof. 74". 26'+2a" x fin. 
I®. cof.47°. 38', 5 4 - 693 "x fin. i®. 19'x cof. 97® 55 'j5 + 34‘''x fin 2®. 30' 

X cof iii*.*32'+o",7 X fin 46' x cof 102®. 33') =. i7",4, which, being’ pofitive, 
fliows that the motipn of the equinoxes upon the ecliptic, from this caufe, is 
according to the order of the figns, and confequently by !his quantity the lon- 
gitude of aM the ftars will be dimmifhed in 100 years at this time, independent 
of^fliep caufes. HenceJ iLwe take the whole fecular preceflion to be 
1*. 23'. 43", as the mouoa of the equinoxes would be 17", 4 progieflive fioin 
the planets, the whole regreffion from the aifbon of the fun and moon upon 
the earth muft.be i®. a", 4. 


1087. To 
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1087 To^find the motion of the equinoxes from the fame caufe, for the 
firft: century of this ana, wc have, fiom the fecular motion of" the nodes, the 
longitude of the node of Merniry at that time o* 24''. ‘53'. 33"', of Vmm 
i'. 29° 47' 38", ofiV^7?j j’. 27' 18", of Jripter i* 2.1° 4 2", of Saturn 

3’., 3° 48'. 32'', and tajong the node of the Georgian the fame, we have the 
picceffion in that centuiy = cot 23“. 36'x (lo^'x fin. 7‘’x cof 2V 34''4-^3'S" x 
fin. 3°. 23', 3 X cof 59” 4'8'+i2" x fin. i“. 31' x cof. 34®. 27'+693" x fin. i> 19' 

X cof 8i“. 4''^-3^"x fin^ 2“ 30' x cof 93“. 49' + 0", 7 x fin. 46“ x cof. 102*^^33') 
=47", which, being pofitive, (hows that the motion of the equinoxes, fiOm the 
attia&ion of the phtnets, was then piogrcffive, by that quantity. 

1088. The picceflion (1022, 1033) of the equinoxes from the fon and. 
moon, by difplacing the equator, vanes as t|ie cofine of' the 'obliquity of the 
ecliptic, and. theieloie as the obliquity diminilhes, the piecelfion increafes, 
this wnll incicafc the picccdion about 9'" iIi 1700 yekjs, from this caule 
ThcKfoic in ]thc fit ft looycais of our sera,, the preceffion of^ the equinoxes, 
fiom the adtic^ri of the fun qind moon, muift liave been i®. 314'. 2''', 4— 9"= 

I® 23'. 33", 4 j therefoie 1® 23' 33",^ -47"^ i®. 23'. 6",4 the whole regie/hon 
for that time. Hence, i® 23' 45"— 1® 23' 6'",4 = 3 8",6 the quantity by whitli. ‘ 
the rcgieflion is lafler now in :oo ycais than it was in the fiift 100 }'catb of 
oui sera In confequcnce of this, the tiopical year keeps decrcafing , and this 
will continue till the place of the nodes oi Jupiter and Venus., fiom which the 
pimtipal caufe aiifcs, be got into fuch a fituation, that the dilplacemcnti of the 
ecliptic and the equator togcthei produce a retarded pieceflion of the equi- 
noxes. The regieffion ot the equinodial points is (at the above late) fafter 
.now by 0,386" in a year than it was at the beginning of oui ana, nenv ihe fun 
takes 9" to move ovei that fpace, hence, the tropical year is 9"lhoitci now 
than it was about 1700 yeais ago. The tropical year has therefoie deticalcd 
at the mean rate of about halfajecond m 100 ycais. M de la Placji, makes 
the year , {hotter now by io",33 than it was at the time of JfippARciius, wlio 
lived about 1950 yeais agb. Thefe conclufions theiefoie agree very well. 

1089 This incicafe of legreffion 38", 6 in 17 ages, gives 2", 27 foi eveiy 
100 years, fuppofing it to incieafe unifoimJ7, and as it was 1®. 23^ 6'", 4 in the 
lull century, by the addition of 2", 27 we get the pieceflion foi^etery century 
aftei , *• 






Oh 
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On the Vmktion of the Ohhqmty of the Ecliptic 


1090. By Xrt. 1083. I. the whole diminution of the obliquity of the 
ecliptic, at this time, in 100 years is io"x fin 45®. ai'x fin. 7‘+5_58"x fin 
, 74®. 2^' X fin. ’^®. 23',5 + 22" X fin ^f. x fin. i». 51'+ 693" x fin. 97®! 

55',^xfin. i“. i9'+34"xfin. iii® 32'xfin 2“. 3 o'+o, 7 ^x fin. io2». 33'x 
^in.''46';=49",35i this conclufion agiees veiy well with obfervatior^, from which 
It appears that at this time tlie obliquity dimmillies at the rate of about 30" in 
100 sears. , , 

. 1091. Now allowing for the motion of the nodes of the planets, as in Art. 
1086. we have the fecular diminution for the firjl year of our sera= 10" x fin. 
24». 34' X fin. 7® + 538 "x fin 39®. 48' x fin 3®. 23',5 + 22"x fin. 34® 27'x fin! 
I® 3 1^+693" X fin. 8 !• 4'xfin I®. 19'+ 34" X fin. 93® 49'xfin 2 “. 3 o'+o, 7 " 
X fin 102° 33 X fin. 46 ?=:43",43, which is 3 ''j 92 lefs than in our age. We 
have heie fuppofed the inclination of the orbits to remain the fame. 

^ 1092- The motion of the node of the ecliptic upon the orbit of any planet 
. ^he cotemporary variation of the inclination of the ecliptic, from the attradtion 


of that planet (1081) • AV ; AF x Cm AxCin. rA (becdufe 'rj ; 

veif. fin. TA ;; iad. = i ; fin. TA)'^ ; fin. ^xverf. fi‘n. tA; hence,, by 
taking the fluents, the motion of the node of the 'ecliptic upon the orbit of 
the planet ; the coteraporary variation of the inclination of the ecliptic from 
the time of coincidence of A and r :: TA ' fin, A x verf. fin. TA. Hence, 
when r^«i8o% the ratio becomes c : fin. A, f being one fourth of the c^r’ 
cumfereqee of a circle whofe radius is unity. Now the fecular, motipn of thp 
longitude of the node of each planet being known, the time in which .T A from 
^othing becomes 180* will be known, hence, the motion AFin. that time 
will be known, pqt that quantity = a?, and we have the whole diminution of 
the obliquity of the ecliptic in the time the afeendmg node of a planet’s oibit 

dx fin. A 


movts from Aries to Lit>ra= 


Whilft the node moves from Libra 


to Anes the obliquity will be increafed by the lame quaiiticy. ' Now the value 

r d X Cm. A r jt'i- . „ « \ 

— ^77— forJWcrf«?'^ = i.56"j foi Venus- W if. j2", foi Mah=^i'. 44"; 

fo»Jiipft^=^3o'.*4j'*, and for Satuin^f. 4", the effed of the Gefrs^an we 
•hiire omit, as it would be extremely fmall. Hence, if all thefe could conr 
fpire they® woqld diminilh the obliquity of the ecliptic 1® 30' 37", but as 
this IS not the cafe,^ the diminution muft be lefs. The principal effeds are 

produced 
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produced by Venus and Jupiter, now the afcending node of Venus would ha,> 
coincided with Aues about 8700 ycais before 175c, and that of Ju[>itei, uv 
years bcfoie, their efFeiSts thcrclou to dimitiifh the obltt}iut)'^h) not W.'.iii a: 
the fame time, and toi about the f ifi izoo ycais after tiie coiiKutcme nt Im- 
pitei’b node with Aitcs, the effeifl of Venus tended to incie.ife tlie iiuJin un m. , 
an,d as the fecular motion of the nodes of Jupitci is not mudi lye.itii ili.iii 
that of Venus, their effeds will confpne foi a veiy (.onfideiahk’ pan of tjji tmn 
in which their nodes are*moving tiom Aiies to Libra. ^Now ilte whok dmii- 
nution fiom Venus and Jupitei together IS i" 4^'. i;z"} but we santiut It v tin 
as the limit of the \aiiation of the equator to the ecliptic, bsTMife this tali ti- 
Jatioh has been upoti fuppofitioa that the inclinations of the oilms of the pl.uiei . 
to the ecliptic remain the fame, wlteieas they aic lubjcd to .1 vauati.nii; I'h • 
limit of the variation of the obliquity will lx greater than tliat whii h wc lia\ e 
here given, becaiile the inclinations t»f the Dibits may be gieater than they aiv 
at prefent But a calculation (1078) of tlic vailations of siil the inclination, 
horn their mutual attradions, and their tmmim and niimmat anil thcncc die 
limit of the variation of the obliquity of the ecliptic to the etjuator, would be 
too long to be hcie introduced. As the rate of variation tif the mcIiuaiiMn 
appears now to be ncaily uniform, it miifl have ainved at it’.s maxmiimi , t o'l- 
fcquently the inclination itfclf is now about it’s mean value, aiul aunidiug, 
to M. de k Grange, the inclination of the ecliptic to the eijuaitu will lusei 
vary more than 5* 23' horn the year 1700. (Mm. tk T •Uthi, A’n. </.j .S,, <1, 
178a). It is not tiue thcrcfoic, what lomc Authois have aflcitid, that tin. 
ecliptic was formeily pcrpcndtculat to the eiiuatur; noi what otlicis hau ,il- 
ferted, that the obliquity wilt coiuinuc to be ilimmUhcd till it iomukU-, with 
the equator; nor will the fmall alteration which hastakm plaie liom tlictuuc 
of the Creation, account for the changes which fome have iuppoltd the earth 
has undergone. • 


On the Vivriaim of a Slat's Latitude a^ti Lt.iyithJc 

1093. Put Ai Bf C, D, E, F for the longitudes of the alcelulinp^ noil, ■> of 
Mercury, Venus, Mats,, Jupiter, Satm/i ami the (ii'aotan; m, /j, f, {01 tin 

inclmaiions of their orbits to the cclipui, and a, b, c, foi the n lj»cc*U\v:.sa- 
lues of AV , then (1083, II. ) the v an.itioa of latitude from the j-mu dlkl of alljlie 
planets fin. m x co f. I- A-\-bx fin. n x co f. T^ssc x fm. \ e cot. 

+ix fin. r X cof. /- JD + e x fin. v x cof. I — M -b/xfin. wxcof. /' F, But tins 
expreffion may be rendered more convenient, by fubftitwttng cof. A x ct»f" /d- 

fin. 
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fin. Axiwi.l for cof l-A^ and making the like fubftitution for the other 
cofine|; hence, the vauatwt of latitude = {a x fia. mx cof. J+i x fin. « x cof. 
.B+^xfin. rxcof C4-<^xfin. sxcof Dtfexfin. vxcof E+fxfin. w x 
cof F)x cof* l+{ax fin. m x fin. A-\-bx fin. n x fin. £ x fin r x fin. C+ d 
X fin. Jx fin. Z)+^x fin <1; x fin. £ 4-/x fin w x fin. i?") x fin I Now if we 
take the values of thefe quantities as in the Table, “we have the variaticJnof 
lat^iude for 100 years from 1750 = 7^558 x cof /+,49",349 x fin. /. 

Er. The^lcsngitude of Regului on January i, 1760, was 4*. 26*. 29'. 30" 
whofe fine =0,55205, cof = - 0,8838 ; hence, 7", 558 -0,8828+49", 349 

, X 0,55203 =20^,56, the mreafe of the ftai’s latitude in 100 years, the latitude 
of the ftar being not th. 

1094 If we make, the fame fubftitution for the pait of the vaiiation in 
longitude which is common to eveiy ftar (1083), we ftiall have it’s value = 
7",558 X fin. I- 49",349 X cof / x tan t. Now (1086) the longitude of all 
the ftars will be diminiftied 1 7", 4 from the motion ol the equinoflial pointSk 
independent of the above, hence, the whole variation m longitude = 
7",558 X fin. /-49" 349 x cof I x tan. /- 17", 4. This expreffion is for ftars 
of north latitude j for Jouth latitude, tan. t becomes negative. As the nodes are 

’not fixed, the values of thefe formulas will vary, and may be computed at any 
time, by afifuming the places of the nodes at that time. 

Ex. The longitude of ileg'K/Kr on January i, 1760, was 4*. 26“ 29'. 30", 
wliofe fine = o,55205, cof = —0,8838, and latitude o® 27' 27" N. whofe tan- 
gent =0,007^85 , hence, 7", 558 x o,55205-49",349 x - 0,8838 x 0,00798; 
- i 7 ''’ 4 “o "»377 ~ i 7 "> 4 = T >7^o^3> the feculai variation of the longitude of 
,Regulus. 

>• 

1095 If we want only to find how much the diflbiencc of the longitudes of 
twex ftais have varied, we may leave out that pair of the vaiiation common to 
all the ft^-fs, and only conf]pute the variation belonging to each particular ftar. 

1096 Tfre variations of the latitudes and longitudes of the ftais thus deter- 
mined, aie found*to agree very well with obfervations, ^by compaiing the lati- 

,tudes and longitudes of the ftais as given by Ptolemy in his Catalogue, with 
the latitude and lohgitudes obfcivcd at this tune. 


OK IHIi MOTIOir OF IHt I'LANES' OF THE OEEI 13 OF 

r Ex. The latitude of the ilai IM’ 27 of tl c is 54° 27', .mkJ tJ>n 

ot 1 S 1 ° 10. Duiconis is 81®, ^S', alfo. 


The longitude m 1700, 


Of rlic fu ft flat 
Of the fecond 

Dill of Long ® 


•' 5 “ 22®. 3-1' 
• • 29 23 

. .,6 6 49 


Long at I he time of P 1 ole m i » 

Of the fiift ftar . - 4® 29®, 1,0' 
Of the fecond ... 1 1 ^8 o 

f 

DifT.ofLong - . 6. 8 , '10 

r - 


Hence, the difteiencc of the longitudes of thefe two ftars has decreafed 1®. 21' 
fince the time of Ptolemy, and this agrees neaily with the above theoiy, by 
computing the variation of the longitude of each ftar for the above inteival ol 
time. 


1097. In the conftcllation Auriga, at the time of Ptolemy the longitude 
of the ftar N®. 1. was n 25®. 36', and latitude 30® N., and in 1700 it’s lati- 
tude was 30®. 49' N The longitude of N* 12, was n 19®. 50', and latitutle-f 
8® 30' and 8® 51' at the above times. The formei latitude was therefore in- 
cxeafed 19' and the latter 21', which agrees very well with the theory. 


On the Motion of the Orbits of the Satellites of Jupiter, from their mutual 
Aitra 5 lms. ® 

1098. The motion of the nodes of the fatellites are found in the time man- 
ner as thofe of the primary planets, taking Jupiter for the central body, inftead' 
of the fun. 

r 

To find the motion of the node of the fecond fatellite of Jupiter upoa'the 

orbit of the third, fiom the attraction of the third. Here «’=£ 0,0000687 

(1073), a=|, hence, in one revolution of the fecond.fatellite, the motion^of 
It’s node=42'",386 , and confidenng 105 revolutions in'>a year„dt's annu&l' 
motion IS 1®. 14'. ^ " 
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To find the motion of the nodes of the third fatcIJite of Jupiter upon the * 

orbit ol the fecond, from the attraftion of the ftcond Here I = 0,000024 1 7, 

hence, m one revolution of the thud fatellite, the motion of it’s node 
= 23",6ii and confidering 51 revolutions m a year, it’s annual motion 
is 20', 4^. 


' In ihis manner the motion of the nodes of all the Satellites upon the orbits 
of each other, from their mutual attradions, may be determined, gianting the 
^quanfliy of matter m each to be rightly afibmed, and then'th'at motion (1077) 
'may be referred to the plane of Jupitei’s orbit. 

1099. But the nodes have a fuithei motion, arifmg from the difiuibing force 
of the fun, which may be calculated m the fame mannei as the motion of the 
moon’s node has been But knowing the motion of the moon’s nodes, the 
motion of the nodes of the fatellitcs may be moie eafily found by Ait 837 foi 
if p=the periodic time of the moon, P=that of the fun, p'=the pci iodic 
Time of a fatellite of Jupiter, and P'=thetimeof the revolution of Jupitei 
about the fun, M=the motion of the nodes of the moon, and m the cotem- 

porary motion of the nodes of the fatellite, then ^ ^ Af : m=:M x 

P'xp' 

P'^xp' 


The mean annual motion of the moon’s nodes = 19" 19' (938), alio 
/= 27,32 days, ^=363,236, -foi the fccond fa tellite of Jupitci p' = s>S5^ 

ahd P'=43S^,6, hence, = 19'x f ^ =. 1' the mean 

4332»6 X 27,32 

annual motion of the node of the fccond latcllite of jupitcr upon the plane of 

Jupitei’s oibit Thus we may find the whole motion ol the nodes of all the 
fatellitcs. <- 


/ 

1 100. The quantities of imttei of the latellites of SSiuni not having been 
det^mined, we cannot find the motion ol their nodes fiom then mutual ar 
u^tion^, bui we can find theji motion anting fiom the dilluibing foite of the 
lun,.m the fame manner as we find the motion of thofc of Jupiter. 
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<> 1 . i Jji MoTiON 0 .^ Tjt£E PLANES OP THE ORBITS OK 

^ I clc ]a Place, m his ’Thhve chi Movement et de la Figure Elliptr^M 
t,'< Plarf-cS, bis given the following theoiems foi the fecular inequalities, of tiie 
planets, 

r 

14:01. Let a pknet Prbe aded upon by another planet and let m be the 
quantity of matter in py that of the fun being repiefented by unity , 

a = the meifiT diftance^ of P flora the fun, 

^ xfl= the excentncity of It’s orbit , ' ^ ^ 

L = the longitude 'of it’s aphelion at any given epoch , 
r =tlie longitude of it’s afeendmg node on a fixed plane at the fame epoch 3 ► 
y =the inclination of it’s orbit upon the fame plane. 


And let e' x a', L'y T' and y' be the fame in refpedh to pi and let ^ 





= 

i + » 1 \ 


^n 


4.3*-! x + « 


+ 1 + 


:X I + 


X 


zn 


+ X+ "■'! — X 1+ -' 4 -^ XI + 


4-3’- 1 4-5*- X 

6 


a 2« 

o X 


^^2* — j 4*7*— I i+Z'/ 


+ &c.^ 


jioz. Let V be the number of revqlutiODS of P flora the given epoch, v 
being negative for any time the epoch, then 

The increafe of the equation of the centei is , ^ ' 

» X v X36 o'*x e'x fin. U - Lxex. i-hn*—^bn. 

^ m * 

The mean motion of the aphelion according to 'th% order of the figns is 

ff *=*=?; 

mxvx 360® X {I xcof. L'- X,x rx *’ 


The 



* THK PLANElb, PROM THEIR MITTUAL AT rRACI IONS. 

The diminution of the inclination of the orbit upon the fixed plane is 

• ^ — — - 

I X V X X fin r'— r. 

4 

Thc'retrograde motion of the node upon the fixed plane is 


» ^ X ^'x 360® X «c X I xcof.*r'-r. 

i A 

If we thus collea: the efFedts of all the planets upon P, the fum will give the 
whole variation of the elements of the orbit of P. But*thefe foimulse only 
’ftrve for a limited time from the given epoch. 

1:03. If we fix upon the year 1700 for the epoch, we f lial l have, 

I mx vx 360*" X «ry'x fin. r' 

• ffeir the diminution of the obliquity of the ecliptic, produced by the aftion of p 
ifpoh the eaith, v being the number of revolutions of the eaitli from 1700, 

• y the inclination of the orbit of the planet p upon the ecliptic, and r' the 
longitude of the afccnding node. The fum of all the diminutions from all the 
planets will give the whole diminution. When r' is greater than which 
it IS not at prefent for any of the planets, the fin. r' becontes negauve, and 
die obliquity will then be increa&d by that planet 

1104. Hence, by colledtmg the effedls of all the planets, if w be the number 
of years after 1700, the whole diminution will be the difference between 
932", 56 and 932", 56 X cof i7",7686z;- 3i4o",34 x fin 32",84i2ii, fuppofing 
the vauation at this time to be 50" in 100 ycais. For any number of years 
before 1 700, the fign of the fecond term muft be changed 

1103. Iti like mhnner, all the planets together will produce a prccelEon of' 
the equinoxes equal to 3q",53353‘n - 3292^,28 fin i f,jmv - 93 1 5", 6 5 cof. 
32^^412. “yi- 9? I in vjrears after 1700, for any time before, the fign of v 
becomes jilgative. The inequality of the precelfion of the equinoxes changes 
the fecular motion of the fun in refpedl to the equinoxes, this motion is 46' 
in this age, but it was 45' 23" in the beginning of our seta Hence, the place 
of the fun,calculated,with the uniform fecular motion of 46', as in our Tables, 
^•lequirc k kcular cqu.vioq, And this fecular motion of the fun gives, for 
tSe wereafe of the yeai hy going back fiom 1700, 36",ii4x fin 32",84i2-u 

+ 6'H9039 xcof i7",7686u-6",9039. Hence, at the time of Hipparchus 

the year was about longev than at this time (1088). 


CHAP, 


CHAP. XXXVII. 


ON THE EFFECTS PRODUCED ON THE MOTIONS OF THE PLANE'fS -IN 
THE PLANES «F 'THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. 


Alt. I io6. T ET S be the center of force, PM the orbit of a body dcfciilicd ' 
^ by virtue of two forces, one (/) tending from the body at P 
in the diiedlion PS, and the other (F) afting m a direftion Pw peipcndicuUi 
to PS. Let 5^ be a line given in pofition, draw PA peipendiculai to 55^, 
and complete the parallelogram PASV, and diaw Fr, At perpendicular to PS 
Of the whole force afting on P, let M be that part which'ads m the diicAion 
PA, and m the pait adlmg in the direction PF-, alfo, let r=PS, p = PA^ 
q=PF, ?=the fluxion of the time, v = the angle PS^, s^=it’s fine, y = itV 
cofinc, then AT;? = that pait of the foice M which ads in the diredion PS, 
and «7y=that pait of the foice y which ads in the fame diiedtion ; hcnct> 
Mx+my=f-, alfo, A/>=lhat pait of the force AT which afts in a dncdlion 
parallel to tA, and ;/i^=that pait of the force w which aefts in a diicc^tion pa- 
lallel to rF, hence, mx-My=F. Now by the principles of motion*, 
p — — and the fluxion of the time being conftant. But 

p^rx, andg'=r'y, and as and_y=— we have, 

p •=:Xr ryni, 

^ {A)p — xr-^2yPo-^ryv-rxv‘^=—MF, - 

V 

q—yr—rxv, 

{B) q=yr—%xtv — rxv~ryv':=~-uit'‘i 


. iviuitiliiy 


that force r t ^ 

^ fpace defcribed in a given time / with that velocity', then rf we 

mealuie the velocity w by the Ipace defenbed uniformly m i". we Ipve i" t -v s-vt 

theieforc r =:d=.„V; bntw vanes asFx/, lettheiefore v = FxtTmd s \ 



OB *i!r CrPEOI, PBOBOCEi) BB THB MOTIONS OT THE PliNi Ti, &c. 

Multipl; ( d) bj.^ and (S) by x,'md fiibuaa the laUer ftom the formci 
ive get, . 

* 

, (C) 2 fv-{-rv= -r>,A/y-,ux=F/\ 

% 

l\fu!n]ilj (J)’hy jv And (3) hyy and add them togeihci, jind we get 


and 


i ^ r-rv^=~t^xM:f+my=:-fr,x>t 

(D) tv^--r=:Ft\ 

% 

From the equations (C) and (D), the curie PM defenbed by the body 
P WSJ be found. Thefe lla.’cional equations are the fame as thofe deto 
mined by CnaiRiuT. Euler and Mayer, m their TiealHes upon the 
th»T. of the moon the mtegiation of i,h.eh is a problem of great difficulty • 
and as the fiitl of thefe Authois has proceeded in a mimnci the moll cafy to k 
undeiaood by the geneiallty of re.Kleis, I m.vU hero cntei into a very full er 
• pVi nation of all his principles of invert igat ion. ^ 

iioy. Let the foi ce y confirt: of two parts, one of which =b~, q being a 
eonftant quantity, i md the other =£., orlet/=f +i>. dien 

Pi\uA rv’-r^^+Dxi'. Midtiply the fiia of Ihufe equations by -1, 

-I- ^ 

and we get = Frt , whofe fluent being eonftant) is. 

« teing a eonftant quantity. Multiply this equation by F I, and wc have F,^>6 
^'aFrt+Frtx/Frt^, whofe fluent fF^<o^a f F ^ , mukiolv 

this by 2 , and add cl' to both Tides, and it becomes cl ^zj Fi^V:=::cf -\^ 2 afFu 

whofe fquare root, is s/a^T^J~F^^a+/Frt. Hcncc, 
V^?+r7fi^ coqfequcntly I = = (,f we put 

' . . m ^ J 

a \/*u + 2 (? " *• • * 

, ' . ' 1108. Let 

therefoie j;, = X./ F, /. and the flacal = - 
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-ON THE EFFECTS PRODUCED OH THE MOTIONS OF THt PEAMFr*. IN 


C 


Ntn\ 


no 8 . Let us next take the other equ- tion /"D \r ' > 

this equation, t is conftant and r vaiiable, but it is well knovFii, that in a 
fluxional equation of the fecond order, where r is vaiiable and t «.onllj,nt, that 


; N 


if we fubftitute - — for r, the equation will be dunged into c-ne m winch 

conftant andt variable,, if therefore for r we fubftitute , tin' . qvntS.-fJj t\ill 

be chano-ed into one m which r and / are both variable. If theref(?i>M, , fjiftitute 

r- — for r in the above equation, it becomes ri;®-r4-y' = — ^ 

in which equation we may affume r ox i conftant, as it may b e foun d cotive- 
, r^V . , zrrv X a X 1 + ze— e 

ment. But (tto?) x . ^ 

f ff m /* I n . 1 " .t • <». 


rt z/* 

hence, - = — - 


; by fubftitution theiefore we get rii^-rd 


^+Dxr*v^ 

— s===r-. divide both fides by and tranfiiole ; — > 

i+ze ~ a'x i + ze ^ 1 4 an • 


> e 


1 t:+i>r *4 


a*re 


and we get - 

• / 


r*‘u* 


zr 


V 


I +ze 

ifire 


Now ^ = flux. 4; . 

4 r ' 


put alfo i+P = 
Dr' , Frf 


^ Dr' 

^ 6' Cr'v' /Fr^v a ^ c ' iFr*!)") 

>=(as«=‘' — j— , and therefore — - '■ 


I +ae 


I + 2.^ 


and then P 


Dr* *; Frr 
i-\-ze 


J 


, hence, by fubftitutfon 


we get - - 

£_ 
Cr 


flux. ~ 


V 


C " it . ^ » 

= ^xi4-P, 01 I— ^ Q^% X flux.^ +P = 5 


fl* , ^ a ^ ^ ' a * 

put J - 7 T;==-f» thgn .5= and j = ~ x flux, -j, pr ^ x-^- p» 


s 

hence, the equation becomes j+^a+P=o. 


• 0 


1109. To find the fluent of this fluxional equation -t-P=-«7i0P' 

poling P -cof. mv, or of + cof mv - o. Multiply it by cof. v x u, 

* and 


4 



THE PIANES OF THEIR 0R?1TS, FROM THEIR MUrUAE ATTRACTIONS, 
and It becomes — |-i x Cof. v x “y+cof. mv x col. vx v=:o ; now the* 

fluent" of die two firft terms is cof. vx f +Jx fm. v*-; alfo, cof. wvx cof v 
X 'y = |.cof.' «* +i .vx v+l .cof m-i.vxv, whofe fluent is — = 4 - =;- 

^ ' 2 . »» +T 

xp.^Tr.v+j^=xfin. but Cin-^Ti .v = fia. mvxcoCv 

■* 4- fin. vxcpf mVf and fin. m— x . v=fin. mvxZoL v-fin. t/xcof. 
liense, tbe laft quantity becomes — - ■- x fin. mv x cof. v+ — ^ " ■ y On 

vx cof mv-\- ^ fin. mvx cof v - ~ ^ j ^ x fin vx cof mv=i 

X fin. mv X cof v - ^ x fin. v x cof mv , the whole fluent dierefore be- 

- ^ Mf _ 

comes, coL v x +sx{in. v-] — ^ x fia, 77 iv x cof. v x fin v x 

-cof mv=z^, a conedion. Multiply tlie laft equation by - and 

, col. V*’ 

• it becomes -4^ + ^ y i 

‘ , cof V cof v’‘ ^ - 1 wTii ' ^ 

fin V X cof mv xv • *6 • ■ , 

■ cofT^* ' ' Wthe fluent of the two ftrft quantities is 

, for if this quantity be put into fluxions it will be found to give thofe 

terms, alfo, the fluent ot the two next terms is ^ — x for if rhi.? 

•Tjuantity be put into fluxions it will pioduce thofe two teims, but this laft will 
want a coireftion, becaufe, when v=o, it becomes 4 — ^ thcrcfoie that 


m 1 


, pmoftl,.flv,emco,rea«l.s.j,^ X laftly,.th»flutnt of 


'• F« 4...awo. ofeof „ 'iL^ +rrf-ixl+ «„ ox, f,x 


%Cof qy y 


V= S£L^ + , 1, X lKf.u.ie 

tol v r= — fin VX'V, wd Im. v= cof vy<v Heic v u. fuppofed C(ma.int, as in tla Ull 4it, 

Voi II ' Y 
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ON THE EFFECTS PRODITCED ON THE MOTIONS OF THE PLANE fS IN 

r 

. ^ y fan v*: hence, the fluent b&comes — ^ ^ ^ 
* ^ * col. V w* - r 


OT*- I 


■T* 

X A"— p X tan. 1;=^, a corredion , confequently j - p x fin. t;— f x cof. v 

cof. -y , 

4. — xcof. V xcof. w‘y=o, the two laft terms of whicli arolc 

?"‘-i in'-i 

from the value of P, that is, flora intioducing the difturbing foices D a'nd Fy 
without which, the whole*^ foice would have varied mverfely as the fquare of 
the diftance or the body from the center of force, and the orbit defcnSeJ ■ 
would^have been an elliple about the center of force in it’s focus*. Hence, if 
inftead of afluming P = cof. mv, we affume P=a' x cof mv +b' x cof « v -+■ &c. 

and for s we fubftitute i— we obtain ^=i-j-xCn v—(i- 

V ... a' . b' 

— &C ) X cof. V — 


fjp— 1 


X cof mv — 


- ^ xcof «‘y-&c.=o, which IS 

c 

the equation of the curve defcribed by the two forces -^+i) and F, the former 

tending to the center of force, and the latter ading in a diiedion perpendicular 
to the radius vedor, upon the above fuppofition for the value of P, whicfar 
flippofition is always applicable in the cafe of the planets. 

II 10. It has been proved (868) that if r be equal to the radius vedor from" 
the focus of an ellipfe whofe femi-parameter is equal to p, c equal the dillance 
of the focus fi-om the center divided by the lemi-axis major, and v equal to 

the true anomaly, then r = -« , therefore ^ = i - r x cof v. 

I C X col. V T m 

But if we eftitnate the motion of the body from forae other point B inftead 
of A, and put the angle BEM^v, and BEA=my then AEM=v-my 

and we inuft put v- « inflead of v, hence, ^ = i - r x cof = i - <• x*' 

. ^ r 

cof Vxcol. »»+lin. vxfin m = (if # x cof m, k = c xfin. m) i- k x 

cof v-kx^n.v. It appears theiefore, that the part ^ = i / x fin. v —V x ' 

Cr * ^ 

cof V of the equation of the curve m the laft Article, exprefles an ©Iliple, whofe 
femi-parameter is , defcribcd by the force ^ . The fecond part therefore 
expreffes the alteration anfing from the difturbing forces'"!) 'and F. ' And^i/ 


ror V ^ cof *v x* tan. v t therefore 3: t<£Q. a/* 

lec. cof* V 




THB* PLANES OF THEIR ORB'iTS, FROM THEIR MITTP'AL'ATTS ACTIONS 


weeftimate the motion from ^ ^=o, or that corredion (1109) will be un-- 
neceffSiy, and" the equation (putting ^ ^ the' femi-parameter) becomes 


P f ^ 

= I 

cof. np — &c. ' 


«*— I 


— &c ) X cof. V— 


w®— I 


X cof. mv — 


F 

«*— I 


wii. The equation of the elhpfe which wcfUld have been defcnbed 

'without the jdifturbing forces is ^ - x cof, where r = the excen- 

r p p 

tricity divided by the femi-axis major, and p=the femi-paraifieter, and if we 

» y 9 


X cof. mv — 


F 


I 


• X cof. 


u 


put u—c- &c and i x ( ^ — 

^ n^—t p ^ nf--i 

«v-&c.)=-S, the equation of the orbit defcnbed by P becomes i = - - 

r p p 

X cof. v+S, where ~ ^ ~ ^ x is the equation of a new elhpfe. 

Hence, the elhpfe which would have been defcnbed without the diftuibing 
forces IS changed into another elhpfe very neaily, the deviation from an elhpfe 
being only that which arifes from the fmall quantity S. The elFed therefore 
.of the difturbing forces is to altei the excentricity of the elUpfe, to change the 
mean diftance, and to caufe a fmall alteiation in this new ellipfe, the dimen- 
fions of which muft be found from obfervations. 


Ilia. If at the fame time that the planet defcribes the angle v, the apfide 
defgribe the angle v-mv, then the motion of the planet in lefped to the 
apfide=w'y, and the true anomaly of the planet in this moveable ellipfe=»iv, 

therefore the equation of the moveable elhpfe is - = ^ — ^xcof mv. Hence, 

*as the apfides of the oibits of the planets aie moveable, we muft alTume 

I I * 

^ j — j-x cof mvy when we determine the value of P, d being half the 

pararaetei „and wssthe exQgntiicity divided by the femi-axis major 

1 1 1 3: liaving determined the value of r from the general equation of the 

curve, wc can get the time, for t= — , now the ferai-paiamcter, 

. . ay/i-\-ze 0 ^ ’ 

and let us^uppofe*C= i ; then the orbit being fuppofed to have but a fmall 

-£ycentiicity, and the mean diftance being airumed= i, we may luppofe p— i j 

hetfre, a=i. Therefore ? = — — — = sr’-i; x T+2?| ' = > '-u x i - 1', neg- 

leding the other terms of the leiies. 
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THE EFFECTS faOPCC^iD ON THE MOflONS OF THE PLANETS 


u 4 B> the property of the elLpfe ( 1112 ), r-- 3 - ^xcol WT;,oraflurninu 

^=1, ~ = i-wxco{. mv+S, S being the coircdlion of ~ from ihc di{luibin<> 
forces (iiii). Puti-z^xcof mv = /, then 2/-3 5, 

negfeding the other term s , but /“*= i - wx col. i + 22^x0^ w c*! 

and /- 3 = i-wxcof »;i;f-3 = i + 3 re; x cof »; v , hence, <* = 1+ 2 w x cof..;« z- 
-2S-6wS x'cof. mv, fubftitute this value of into i = r^vx T^, antUve ' * 

obtaiiv /= (i 4-^2 01 X cof mv— zS — 6wS x co^. mv) v x 1 — e = v + zr^; ,< 
cof.^vxv-zSxv-SwSxcof mvx v- ev - zew x cof mvxv, negL.5^tnJr 
thofe terms where the piodud of the two fmall quantities S and enter. Now ' 
the two firft terms are independent of ^ and 5, and therefoic we have nothin., 
to do with them m our prefent enquiry, which is only to find the equations 
anfing from the diauibing forces; but the other terms, depending upon e and 
5, arife from the difturbing foices, therefore the lequiicd coireaion of the 

nrbT!'‘f Now lithe 

t diftuihing lorccv ' 

M 1 ^ - “t;, and / = v, and the motion being iinifouii 

woud have been the mean longitude, and t being heic conftaiu / * 
muft alfo expiefs the mean longitude of the body A Ut t ie la ' 

,1.; ait":; r.* 

.be^ac equate (aaa). and chen apply ,hc fluent of -?i' . 3 
X 3 6 -l-<r X cof. mvxv with a tontraiy fign. If- tlie oibit be a ciu U t i 
cxc_^ctty be veiy fmall, for the Jrelion we may a W oi^; he d iL ^ 
-zS+exv with It’s fign changed. ^ ^ 

1115 The quantities heie found are in tcims of the radius tun..n(,.l i r - 
unity, and as an aic of o«,2oc78 is .. i hippolcd to l,o ; 

Ufl Atcde ntuft be muh.plcd by iy-.J, 8 „ “.Jc 'to . 1 “ 

eanb. then (8bt, =.be a..aa.cn of ^ to and /j. a,t.a.L ' 

of 


r 


THE JLANES of their ORBITS, FROM THEIR MITTHAL ATTRACTIONS. 
of£ to P, complete the paralleloguim and put 2= the angle PS£. 

The attTaftionofJS toS = ’g^, the attiadion of £ to P= , and the at- 

tiadionT)f S to P = -^, and by the refolution of foices, EP , ES ^ 
OP . £P" 

Mx ES * ** 

: ■ ■ B m *-=the foice of £ to P in the diiedion ES, and EP EW, oi SP, 

• iV:/x 

£P~® *EP^» which»ads in a cluedion pa- 
rallel ttJP, therefore ^ =the diftmbing force of P upon £ m 

a dircdion paial’cl to SP, or £/T', and this foice, tending to diaw E from S, 
mufl. be wiitten negative , and lefolving this force into two others, one in the 

diiedion SE and the othei peipendicular to it, we have F= — f ^ 

L £P® 

M ^ . 

iyp* J ^ 2 = the foice which ads perpcndiculaily to SE i 

this piuft be written with a contrary fign, or -j-, when the body attraduig 
IS neaiefl to the fun, bccaufo it th^gt ads in an oppolite diredion, alfo, 

fMxSP M} ^ . 

"* L -fiP* 5 P"*J ^ s! = the force which ads in the diredion ES i 

, MxES (MxSP 

hence, D — -yyi ^ ^ diflurbmg 

force in the diiedion of the ladius The value of c is f Fi^'V, a beino 


unity (i 1 13) , alfo, P 


rv Fjr 
C ^'~Cv 


ze 


‘ i ^ e 


•, and as e is a vciy finall quaiv 


^Hy, we may alTutn# P= ~ 4- _af, and as wc aflu-m the iuni,ol 
the mdl'es of the fun and body at traded =1. wc lu-ic C’-x, and thuehi-,; 

• ni . 
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Hence, we have thefe four equations, 

^_MxES (MxSP 

EPJ Jpj 

p fMxSP JW'l ^ 

- I EP^ SP’’ J ^ ■ 

' e = ffEr^v. 


% 

m 


P=Dr*+S^-2e. 

V 


1 1 17. Let £ be at J the higher apfide in conjundion with P at B, ami « = 
the angle ESP of elongation, v=sASE, and let the planet P defcribc .1 circle 
and E an elhpfe whofe center of foice is S and the other focus r, and let i -n 
be to i as the mean motion of the planet P to the mean motion ol the cauh E 
or the body attraded, bifed SC in 0 , and let^O=i. As the motion of 
the earth’s apogee is very fmall, we may, for our prefent purpofe, conlider it as ' 

filed, aad putting «=iO, we hare, i = i - “ x cof. u Now the mm 

motion is very nearly (227) about the point r, and zux fin. v=:cE, which 
meafures the angle cES, hence, EcJ=zv+zux fin, vi thercfoio v-s; : 

v’ and2=«y-2Kxi-«xfin.v. If the diftur’bing 
planet beinfeiior, and it s mean motion be to that of the caWh as.i + » ; i 

then 2=«v + 2«x I +«x fin. v, * • * 

*• 

We proceed now to the application of thefe principles ' 


THE PLANES OF THEIR ORBfTS, PROM THEIR MUTUAE ATTRACTIONS. 


On tjfie Equatim of the Earth’s Motion produced hy the AStion of Jupiter. 

% 

iii8. Put EP=s, SP=l>, SE=r, and draw perpendicular to 5P; 
then^5rt,=rxcof. zj hence, z^r x cof. z , put z^rxcof. z 

and we have^=v/^*-/, alfo, 

j._Mr {Mb Jl/J . . 

^= 7 i:- [-TT-y. J xcof.z. 

xfin. 2 . 


L 

e = fFrH. 


b' J 


Frf’ 

P=i3r*+---a^. 

V 


» 

« 

Now 4 = •, ^3~ = P — i\ ~ * as ~ ^ ^ , o 

J* b^-D* b* ^ zb^ ^ Zb’’ ^ i6b* ^ + 

fubftiture foi I it’s value zbrx cof. z-/-% and for cof 2% cof 2®, cof z*, &c. 

put l + f cof 2 2, I cof 2+1 cof 32, 1 +f cof 22+^ cof 42, &c. and we 

+ (I? + ^ cof 2+ (^^ + 

cof 22+ X cof. 32 + — j- X cof. 42+&C. which we might put under 
the general form ^+5 cof 2+C cof 22+jD cof 32+&C. The value of 
^ being obtained, fubftittlte it for it’s value in the expielTion for i), and we 

get the feCond,I)art of D xcof 2^ =sMx 

X.C^.2+ (|:+^) xcof 2XC0f 2+ (^V 4 'i^)\cof ^2 X 

c©f ^ 3^ X cof 2* + X cof. 42 X cof 2^ J fubftitute for 

cof ssxcof! 2, cof 22 xcof 2, cof. 32 xcof 2, and cof 42 xcof 2 their 
- • values, , 
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valuM*, andwc get (-i!^ _ x coC's:=iWx ^ 31 + ^ 

ip ) . cor .H- (^- + X cor + (^‘ + HiJ; . cor. 3. + 

xcof. 4«+ "^3^ we mufl fubtraft fiom the above 

value of multiplied hj Mr, and we have D — Mx C tV*^+ 

^ V r 2^’ i 6 i^ *'64^ 

/pr* ^ 2_ fif: . Ill _ IPS'-* 'j ^ _or / 15^* 4. 

X cof. 3 = 2 - ) X 4 = 2 -“g -^8 X cof. 52^ . 


1 1 19. The value of F is — (-^ — =2, which is equal to the 

above value of — ^)x cof s multiplied by —fin z and divided by 
cor. e; , hence, F=-Mx(^(^ + x fin. n + (JT + *ip) x cor 2 . 

X fin. 2 + (^- + ^^^)xcor 22 X fin. z+ xcof 32 x fin 24.. 

oia* "S ' " 

X col 42 X fin 2 1 , fubllitute for cof 2 x fin z, cof 22 x fin. 2, cof. 

32 X fin. 2 and cof. 42 x fin. 2, theif values t, and we get F= - Mx ( f— 

aitr* N ^ o - 

X fin. 42+ X fin. 52 J . The values of D and F being determined, 

we lhall know the value of P , hence, we obtain 5 (1112), ‘and thence (1114) 
the correftion required. 

1120. To find the values of the powers of r m ferms of w On account of 
the fmall excentricity of the eaith’s 01 bt', we may neglcd all tht^ powers of « 
above the fiift , and from the How motion of the apogee, wc rfiay fuppofe 

It 

By Tiigonometiy, cof .^xcof 5 = J cof 2 T 5 '+ i cof hence; <:t)f axi « =" 

I cof. ax', cof a* xcof. * = J cof 3 «+ ^ cof. a, cofr3'‘a;:cof a = 4 cof. 4a .f- J cof aa., 
and cof 4% xcof. arc J cof. 5 z+i cof. 3 a. 

t By Trigonometry, cof .^xftn. JS = t fm 7 /+ 5 — fm A'~ B, hence, cof axu-i, a-” 
* fm aa, cof. aaXfin a=z t fin 3a- J fin. a, -cof. 3axfin z'— i fiu 4 .a— [ fm aa, and 
cof 4 a xfin. a = 4 S » — •5 fin. 3 a. 




THE PLANES OF THEIR OR^TS^ FROM THEIR MUTUAL ATTRACTIONS* 
it fixed; hence (iiii), - ^ ^ equation fiom winch we ’ 

» ^ f 

muft deduce r, therefore ^ =si + »x cof v, in which the femi-paraineter f 

% * a 

and excentricity u aie known fiom obfeivation , there(oie ~ = i + x cof v 
' p ^ ’ 

■p ^ i'+3«x cof. V, &c. and by taking the fluxion of the firft of thefe, wc 

have •— r- = •-’» X fin. v. 
fi‘v 

« 

, 112?!. To find the value of fin z, fin. iz, cof z, cof. as, m terms of v 

for, in this cafe, it will not be neceflary to go any farther in the values of D 
(iii8) and F (mg) As z=fw-zux Ha i -n x fin ‘^(xiiy), we have 
by Tngonometiy, confideiing the cofine of the lafl;teim = i, and the teiin 
itfelf=to It’s fine on account of it’s fmallnefe, 

fin. ^=fin. nv — ux \ — nx fin x -{- 1 x v-i- ti x j — u x fin. v — i x v, 
cof. s=cof. nv- ux i-n xcoC n+i x v+ ux i-»x cof n^xv, 
fin. 2s=fin zHv— ZU-X i — nx fin. zn-\-xxV'\-zux i — nx fin. zn— i x v, 

% cof. assscof. znv-zux i-nxcof. zn + i x v+zux i - » x cof. zn~i x v. 


jixzz Let us alTume M= according to Sir I Newtok, the mafi, 

of tlie fun being unity, which we may confidei as the mafs of the fun and 
earth, on account of the extreme fmallnefe of the earth in refpedt to tlic fun , 

and, by obfervation, the value-of •1=0,192451; therefore 75 = 0,0071264, 

V _ > I j- 

p. - 0,0013714, p = 0,0002639, ^ = 0,0000508, p = 0,00000977, 


'alfo,, I- ’therefore «= 0,9 1 5659, and k = 0,0 1683, confe- 

quently «x 7 :: 7 ;=^, i = -0,0843, » + i = 91^66, 2«- 1=0,8313 

and 2«-f I = 2,83 1 3 ^fo, we affume r = i, it’s mean value. 

* • 

1*12^ Tp fina die vaiuQ of e= f Fr^v. We have (i 1 19) Fr^=~.Mx 
"^'6^) ^ l^s) 22:^ =-Mx 0,0005262 X 

lin. z— Afx 9,0108545 X fin, oz. Now fot fin. z and fin. zz, fubflitule their 
“• Z values 


ON THL EFFECTS PRODITCED ON THE MOTIONS OF THi- Fti^.NElS IN 

m 

\\i]Lies found in Ait. ti2i neglecting tUc tcipis- i' - « x fm r/+ i x v and 

— 2«r 1 -/IX fin xv, becaufe, when the fluent is taken, the denonii- 

mtois will he fo Luge as to lendei the teiras too flnall foi confideracion * Tins 
iiibtiitiil'C'n being nude, and fubflituting alio for M it’s taluc, -we have, altoi 

taking the fluent, /■ * 

‘ " 

e - 0,0000005^856 xcof. loy-b 0,000005555 x cof. a 0,0000002474 

- cof /I -'1' X' 0-1-0,0000004457 X cof 2 II— 1 X V. '' Z * 

1124. I'o find the value of Dj® The fiifl term Mx ^ 4- 

i 

in the value of D (iixB) not being multiplied into the fine 01 cofine 

of 2, may he hcie ncgleiSled, it not Ixing a vaiiable quantity depending on 
the place of the body, but only a conftanc part of the whole fotce of the eaith 
to the fun, and we aie hcic confidenng only the vaiiable quantities winch pro- 
duce the inegnlanties of the eaith’s motion in different paits of it’s oibit. We 
have thciofoie only to multiply the next two terras of the value of D into 

r 9 ''^ . ^ -of z-Mx r ir + 

X cof 2z-= - JM y 0,0016025 X cof z-Mx 0,019554 x cof 22/ fubftitu^e' 
foi M It’s value, and for cof. 2 and cof 22 their values found 111 Art 1121. 
negleding - « x 1 -li x cof. « 4- 1 xv and -in x i - « x cof. TiJ+7 x 
on account ol then fmall' effefts, and we get (for our piefcnt puipofc; the 
value of * 

Dr® =- 0,0000015017 cof, wt;- 0,000010267 cof. 2 - 0,00000005.265 
cof. » - I X 21 — 0,000000289 cof. in—ixv. •, 


and we obtain Mx 


• ^ 

■“ 'ity j 


Frr 


rr 

•Q 


1125 value Afluming p — i, we have (ij2o)f 

* 

"F T T r* I C * 

- « X fin. <0, hence, — =M x 4- g^<sj x hn- 2: x «.x lift. v-\-M 

X ( ^ ^ j X fin. 22 X » X fin. 21, now for fin. 2 and fin. 22 fubftiyite 

their values found in Art. 1121 and here all the terms which -arifc*wilt*be 
found fo extremely fmall that they might be all omitted , one of the piinrl’p^ 
of the terms, however, -4-0,0000000848 cof. a»-i (arifing from* the 

‘ ~ fubftitution 


THE PLANES OF THEIR OR^TS, FROM THEIR MITTHAL ATTRACTIONS. 

fubflitudon of the term ^ux iTr«xfin. 2 n—i.v in the value of fin. zz) of 
the fame Ipecies as one of thofe above, we fliall retain , we theiefore aflume 

’ o o r 

• -^=0,0000000848 cof. zn- i. XV, 

% 

>iz 6 . Thevalue.ofP is(iii8) Z)i-®+ ze\ by fubftitution thciefoie 

• ^ 

from*the thrae»lafl: Articles, we get 

P:2= — 0,0000025788 cof. K2' — 0,000021377 cof. 2 + 0,00000044215 

cof, « — I X — 0,0000010956 cof 2 «— I X V. 

Thus It appears, that P is exprelTed by a feues of cofines of the multiples 
of V (1109) 


1127. Afiumingp=i, if P=d!' X cof. + X cof nv + &cc then 5 = 
~ — X cof mv — ; X cof ttv-kc. (iiii); from the above value ofP 

«2* - I « — I ' 

• therefore we obtain the correfponding value of 


5 = —0,00001597 cof «2'+ 0,000009008 1 cof. 2«v 4- 0,0000004453 cof. 
X 2^ — 0,000003548 cof 2«- I XV. 


1128. The coiredion of the expreflfion for the time (n 14) is the fluent of 
— 2<S+^ X v”— 2 TO X 364-^ x^ , fubftitute therefore for S and e their values 
, above found, and take the fluent, retaining thofe teims only which are of the 
fame fpecics as thpfc we have hitheito letaincd, and neglefling the otheis as 
being extremely fmall, and we get the cotteSfrou of the lime 

=■ o,OQoo3 4.29 0,00001295 fin, 2 «2;-“ 0,00000194 fin »-i x 2' 

+ 0,00000735 fin zn— I X V. , 

• ' f 

* 129.. IJy Alb the coneClion of the mean longitude, fo far as regaids 

^ the d*fi:urbing ibices, k •tbe above coiicdion of the time with it’s fign 
‘changed;^ which conc6kon is m teims of the true longitude , but hpre foi 
the true longitude we may fubflitutc the mean^ without pioducing any lenfiblc 
^ • ’I z cuoi , 


ON THE EFFECTS PRODUCEO ON THE MOTIONS OF THE PLANETS IN 

^ eiror; if therefore sc repiefent the mean longitude of the earth, we Lave the 
" correBion of the mean longitude 

<r 

= -0,00003^29 fin ?/>v + 0,00001295 2 ;nv+ 0,000001 94 fin. x 

V — 0,00000735 fin 2«— I X A'. ‘ 

r 

f 

1130- T^hc mean motion of [upitci • that of the earth • i - « . f' 

1 -ax X Av, hence, «.v = the mean longitude of the ealth - that of Jiipiei - 
which put = V If therefoic (i 1 15) we multiply each of the ro-efficients by 
57°, 29578, wc get the equations of the mean motion of the earth artfmg fom the 
aP.ioii of Jiipitci ^ *• 

r 

= - 7", I X fin. j + 2",7 X fin. 27+0^4 x fin jTT^- 1" 5 x fin 


1131. In the foiegoing folulion, we have fuppofed the orbit of Jupitei to 
be a circle, and confequently i> was conftant; but if h lepiefent the femi- 
parameter, h' tlie tine dillance, u' the excentncity of the 01 bit divided by tlie 

(emi-axis-major, and v' the tiue anomaly, then y= ^ 

I— //cot mean 

anomaly alfo of Jupitci =2;'+2?/ cof < proved as in Ait 1117 and the- 
mean motion of the ej^ being to that of Jupitei as !+« to i, the mean 
motion of the earth = i +« v'+ i+nx zu' cof v', fiom this fubtrafl v' tljie 

true motion of Jupitei, and we get z=nv'+T+Ji x zu' cof. m' Alfo ^ 


+«' cof. Proceed therefore for this value of z and as wo have done 

for that of 2: and ^ in the foiegoing operation, affuming thofe teims on]^ 

where «' enters, by which we lhall obtain the equations aiifing from the exccn- 
mcity of Jupiter’s orbit We have here omitted thof.tcims wheic the poweis 
of he excentncity above t|ie firft have cnteied, buMf we had takemany of the 
highci powcis into confideiation, we might, in the fame manner,- hafe^ got the 
equations thence aiifii^g If the readei wilh to fee an exanmle where the ex- 

of trli A cxccntncity^of 

Rox dot <? f difturbed, he may confult ^he.ikfew- de VAtad^ 

Roy. des Scm. I j6i, where he will find M. de la-LitNDE has coTiipufod die 

auTer f'^om the attradhon of the eaitl tald^g" 

^ aU thefe eircumftances into confideration. M. de la P;,ace, m compufing 

» the 
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the equations of JupiM and Satmn from their mutual attiadions, has taken 
into confideration the third power of the excentncity. Mem. de VAcad. 1785, 
1785 • 

« L__ _ 1 

1132^ The general value b* +r—zbr coL zA ^ is (aflliming the mean 

ladius of the eaith’s orbit unity) [/>*+ 1+2^?/ cof. •y'+as cof v - {zb-^-zbu 

- —I * 

’ cof ,21 -p 2 u' cof v') cof. 2] *. The equations mgy be computed, by firfl. 

' ’^-'dipptfing the two oiliits to be circular; and after that, by fuppjjifing firft one 
&f the«i to be,^centnc and then the other, afluming,’in the two latter opera- 
tions, the teims arifing from the excentricities relpedively repeating theiarae 
procels.each time Or (as we have here done) w^e may take into conCde- 
ration at fiift the whole efFedt anting from one of the drbits fuppofed to be 
excentric, and then compute the effed arifirtg fiom the excentncity only of 
the other. 


•To U’jolve b--\-r--zbi coj. w/o iJie Sates A + B cefj z + C ctrf. zz 

-f jD 1 3 2 -f- jE f c/. 4 2 -b . 


1133 When the dilFeience of the radii of the two orbits is very conliderablc 

T 

in'refped to the gi eater of the two radii, the feiies expi effing the value of -j 

(iii5) conveiges fo quick, that a few teims will fuffice, as in the example here 
given , but if that diiTeiencc be fraall, the feiies will converge but flow, and 
the laboui by ibc direct method, becoming very gicat, we mull have recouife 
to. other means to obtain the' values of the coefficients Euler, who fiift 
dtfeovued that the^fenes might be exprefled under the form ^ -hi? x cof z 
+ Cy cof. zz+D X cof 32-1- See. gave two methods of finding the coefficients, 
which we fhall heie explam. 

' ’ . ”34- By 


3 

’ The cxOTcflioii whuh vvc’he»c -viunt to expand (1118) is — 2^/- cof. a')”*', which 

• J 

^ 3ljay induced? to — ♦ * - f r _ ^hi 




( r ^hi \ I 


— X 


I — ^ cof rH wh^re ^ cof. v.) * is the variable pait* 

^ ' 


ON THE EFFECTS PRODUCED BY THE MOTIONS OF THE PIANETS IN 


ni .m\-x 


1 134. By the Binomial Theorem, i - g cof. = i +- g cof. z +■ 

1 1 1 2p 


!•* cof z + 


m .m + i ^ m+z 

1 - 2.3 


j*cof. Now 


"Cof. z =cof. z 

Cof z'‘= ^ (cof. ziSj+i . . 





Cof. z* =5= " (cof. 3W+I cof. . 


Cof. 2:*= - (cof. 4 ^ 4 -^ cof. zw+^-. r^)* 

Cof. 2* = (cof. 5 w+ £ cof 3^4- ^ cof. w) . 


Cof z*= -^fcof. 6 zc/ 4 -“ cof 4 ^ 4 - ^ cof 2w4- - . 

32 V I 12 21.2.3/ 

cSr2" = ^(cof 7 w 4-^ cof 5 w 4 - ^ cof 3204- | cof w) . 


&c. &c ^ '&c ' 

1135. As therefore the values of cof 2*, cof z*, coi s'*, 8 jc. &c. arc cx- 
preffed m terms of cof. z, cof 2z, cof 32, cof 42, &c, we ha\e, by fubfli- 
tution, 1-^ cof 2]'"“= y/ 4 - S cof z 4 -Ccof zz+Dco{ 32 4 - . 2 cof 4s 4 - 
&c. Jf £, C, JD, E, &c being the coefficients aiifing from ibflitution. 
Now from the fubfti{LUtion it appeals that ' 
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I + - X 

A 


m m + i 

I 2 




, 4 . 3 + I . »i 4- 2 »2 + .q i . 

+ ^ ^ r~: . . + 


I 2.3.4 


i 6 4 m m+i.w + 2 w + 3 »2 + 4 w + 3 


• l_4 8 . 12 


1 . 2 . 3 .4 5.6 


/ + &C. 


f ,, 3 I + ^ , 5 4 .. I* »^ + 2 . ?« + 3 . m+4 ^ 

• I I i- - X X i 5 " ' P 

I ’'7 6 c w + i .»2 + 2 .W2+3 . w + 4 m+ii-m + 6 « 

, [ + 2:7. 4 ' 5"^ 7 ' * <r H'&c. 


The values of the other coefEcients C, D, E, &c we (hall find in terms of 
J and By and theicfore having computed A and B, we ftiall veiy eafily obtain 
C, D, Ey &c 


• 1.1136 Let j = .^^ + .S cof. 2: + C cof 22+i) cof. 32+.£ cof 42+i^cof. 52 

. + &c = I - ^ cof. 2 1 , then log s=—mx log. i cof. 2, and - = 

L fin 2 2 . s — 

I -?■ cof 2 ^+mgs fin. 2 = 0 . In this equation 

fubftitute A+B cof z + C cof 22+&C. for r, and —B fin. 2.2— zCfin. aq: z 
- &c for s , and fubfhtutmg alfo for fin. »2 x cof. 2 it’s value | fin. 7+7 . » 
+ i fm. n— I Zy and for cof nz x fin. z it’s value | fin, 7+7.2- 1 fin. 7^.2, 
accoidingas ?2 = i, 2, 3, 4, 5, 8cc. and we get 
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1137. The 


»' • 


TflE PLANL<! OF IHliIU ORBllS, I ROM THEIR MOTITAL ATTRACTIONS. 

1^37 The ptiticip'l pait of this opeiation theiefoie confifts m finding the 
values ’of end B. One of the mcdiods which Ettlfr propofes foi this*^pur- 
pofe IS this ".In each feues for J and B, compute the value of a few of the 
fiift tertns, for inftance, of ten teims, and let the following terms be 0 + 0 P§* 
+ OP^j‘* + OP^i?^* + &c and then we have only to find the futn of This 
feiie^ oi of the leries + P + P and as the fadois 

Pi P> &c. approach to unity, we may confider this h a recurnnp' 
fenes,, and which may therefore be reprefented by aTradfion. Let iherefoie 
I -j- (kq * "f* |3 p _ 

TZygiJ^sl* =^+Pt+P^^^+PW+^c. andweh’ave 


i+Pg^+P^g*^-P®Rg^-^P^RSo^ + ^c 
-y -yP —yP^ -yP^R -&c 
— ^ ~SP ~SP^ — See 

- 1-04 -p 



> 


lienee, P-y-cc = o, P^-yP-^-p = o, P® ^p = o, P^RS- 

, yP^~SP^z=Oj from the two laft equations we find 

^ ' ^~R » ® — < 

yR+y, therefore « = P-y and p = P^-yP-Jare known.’ But as the 

faftors P, R, S, &c approach to unity, at an infinite diftance we have 
P^PiS &c. —yP^R Sec. —J'P^Scc. =o, and the quantities P^RS See. 
PQJi. Sec P^ Sec. having each an infinite number of fadtois and the fiift 
onl)r’one more than the fccond, and the fecond one more than the thud, and 
the laft fadtois alfo equal to unity, we have thefc quantities P^RS Sec, P<^R Sec, 
P^ &c. ultimately equal, ^ t?hcicfoie i—y — ^=0, 01 hence 

5 '-^+^; ^=\-yi « = p-?, ^ = P^-yP-} Thus we obtain the 


value^ of 0 X - _ ^ , which repiefents the value of all the terms after 

thofc which Vere computed ^ To adapt this to our piefent puipofc, wc mull 
atfunie m = 

* it 

O'* 

^1138. Ihe values rf J and B may alfo be thus obtained, Im 


I ^ co/. 2|, qoi; r J,- C cof zz + D cof. 32 -1- Sec and then 

\ > J 

I -g^ coi ‘ X 2 = ;!?c: + 5 cc." 2 . 2 ^ c cof. 22 p&c thclcfoie 

_ 3 ^ 

/i—gco{z]^,,’^^Z:x.‘lz-\-ByCin s +]<3 fin 22+&c make 2-4 anarc 


iS6 , 


Oil THE EFFECTS PR 0 T 5 UCED ON THE M^OTIOSS OF THE PL 'iNFTS IN 

of 180“ and all ihc teims aftei Jz will become = o; hence, J 

^ _ 3 

f I col z\ ’ X s ^ fluent of i -^ col. z| Z is 'the aiea 

c • 

3 

of a CU1V& whofe ordinate is 1 - ^ col 2] * and abfcifla z/ Let therefoie 

_ 3 • 

Fig PZ=an arepf i8o% PU'^z, lFH=^i^g cof. % ^nd JK the locws of ^ 

all the points H, and the aica PJPUF will be the fluent of i_g.cof 'z\ • ®x 
but this we can find only by an appioximation. Let the abfcilTa PZ be di- 
vided into a great many (»} equal pans P^=^P = P 5 = SP=&c, -and let 
each of thefe paits be called unity, then as the ordinates are fuppofed to be 
very near, P^x or (as P^=i) ^B = area PA^ neaily, and thus 
PC=aiea^CP nearly, Sl> = area RODS nearly, &c- therefore any area 
PAEf=^ + R-C + SD + ‘tE n&xdyi divide therefore c into « = paits, 

and let the fuccel&ve values ofzbe^, '7'^ ^ * * * * IT^ 


I ^ g col. 2 ] ^ become i — f cof -] = = area PAE^^ 


I — ^ cof 


2C 


=iPC= 2 iVca ^CR ^ i-^cof ~ =Si)= area jRCi)5, 

j ^ 

&c. ncaily, put thefe quantities =H, I, K, L, &c refpedtively, and the 
a 

fluent of 1 cof. %| “ x JS=ir+Z-l-B:+£ + &c. neaily. Now let us,con- 

hdcrwhatis the fluent of all the Az on the fame fuppofition. As we have 

^ X r* 

found the fluent of i -g cof. z') * x z by taking the fucceffivc increments 

and adding them together, we muft find the value of the fluent of Az intiie 
fame manner. Now as the increment of z is called unity, the whole value 
oi Az thus generated is ./fxnumbei of thefe increments when z=f. 

3 • 

Now the fluent of i cof z\ ^xz= f (negleding tlieT othci terms 
which vanifli when z-=c)i hence, H+I+K+L + hc. —Att, Ind A = 
iZ+/+r+P + &c 


1139. To find the value of B, multiply , i I" eol. zj * =j-{- Bmcof zj- 

^ __ 2 '1 ** 

C cof, 2 2 + &c by cof. zxz, and we have i— i^ col 2^ “■ x c<^ z xz = A 

cof z . z-^ B cof. z*. z+C cof. z . cof 22 . z + &C = .<Z_^cof. z .z + B x 

i+l cof. azx» + &c.=^x cof. z.z+i Bz+i B cof. 22?2-l-&c. Now 

the 




THE PLANES OF THEIR OR2.ITS, FROM THEIR MUTUAL ATTRACTIONS. 

the fluent of | iJs is | Sz, aiyJ the fluent of all the other teinis will be m 
teims of fm z, fin. 2Z, ,fin. 32, &c and therefoie when 2 = r= 180“ they all ’ 

• 'I ^ S, 

vanifti : hence, when z becomes c, J" i “ J col. zl x cof z z = \ Be , 

* ' 3 • 

' )_ f ^ -S CQ* ^ X ^ ^ 


187 


therefoie B - 


i c 


If therefore any oidinaie WH 


col z)"".* X cof z, by proceeding exadly as before, we get B = 
where H', K', L', &c. Vprefent ^ 5 , i?C, SD, 


z 


?*£:,* '&C. the values of i-^ cof. z| * x cof. z, when we fubftitute 
i. if &c for %. The more paits a. into which we divide r, the 

a ’ « ’ « ’ 

neaiei is the appioximation. 

1140. But we may approximate to the area BAKZ more nearly in this 
manner* J 5 ^x PiJ = area BACK very nearly; 5 r»x PT=area PCPr veiy 
nearly ; &c in which cafe the numbei of fuch quantities =| « Now let us, 
for.inftance, divide ^ into 20 = parts, or let « = 20, then as we now aflume 
for' z the firft, third, fifth, &c ordinates, the refpeiSlive values of 2, if we 
take them m parts of a right angle f inftead of two right angles c, will be 

iL » ^ p -i- p, -2^ e, e, — F> — fs ^ ~ ~ f > cofines of 

10^’ 10^’ 10 10^’ 10 10 10 10 

. ^ I 

which we muft fubftitute for z in i ~ j col. z| * in order to get the firft, 
thud, fifth, &c. ordinates, and the cof. z being negative for the laft five values, 

the quantity -g cof z becomes pofihve , but cof — e = ^ ?> cof ^ g 

■% 

.tfia. A i, cof. ^ I = £n.'A e. cof. ^ 5 = fin. A f , and cof. H j = 

fin. -f- P , fubftituting therefore thefe fines inftead of the cofines in the value 
of ^ and f « inftead of «, and we get 



r ^ ^ 

I — P col — £ 

L ^ 10^ 

r V m 4 

• m 

» Cf 

+ 1 -s — e 

► * ^ 

— 1 

1. ^ I 

I +g fin. ^ s 

1 ^ \ 
j +I+J ^ ' 

z 

+!+<? fi®- 7 - e 


— 5 


A A 2 


4-&:c. 

j 

z 

+ Scc. 
This 


4 


ON THli FriLCTS PaODfCED ON IHIi MO,fION5 OF THE PLANETS IN 

f 

This IS the other expieflion foi ^ “ \^hich Euler has given m lus 
' KeJierchs de^ IvcgahtSs de S^tuiu et dcjvpilc, which he fays is fiilficienily 
accLuatc. The niiiubcr oi the quantities is only ten, and aic^veiy calil^' com* 
puted in numbeis. Jf c be divided into a gieatci nouibei of {larts, the con* 
cliifion Will be troie .icouiato. 

f ^ 

{■141* lo obtain the value of 5, inftead of the quantity 

we have i cof z\ cof 2, fubRiLutc fm. 2 foi (fof 2, as bcfoic^'and 
without the vinculum ccf. 2 becomes negative foi the ka halj^of the telms ' 
hence, 

^ r 





i-^cof. Ifj xcof, — f +i-^cof.^^ 


-i+jfm. xfin. ^S-i+g {m.^ 


i 

a 


xcoE ^fH-&c 


X fin. 4 f - Src. 


1142. But thcie is another method by which we may appioximatc to the 
aiea of this curve, by fiippoling a paiabolic curve ^/Vd-&c. 

to pafs through the extremities of any numbei a, b, c, d, e, . /, w, ul 

of oidinatcs, .v rcprefcnting the abfcifla and y the oidinate Foi inllancci 
take thice oidinatcs a, b, c, and the paiabolic curve pafling through them is 
y=a'-\-b'x-^c'x*, the aiea of which, in terms of a, b, \ a -y' bi-' c \ 
= the area PACK, for the fame reafon, | c+& fi?+| a=area RCEr, &c’'&c. 

hence, the whole area = | a+\ b+\ c-ir\ d^\ e 5 /+i w+ J n. that is, 

the whole area = \ of the fum of the fiill and kft oidmates -f-i of the lum of 
the alternate ordinates, beginning at the fecond, -Hf of the fum of the altcrnato, 
ordinates, beginning at the thud Thus we may find the- value-, of A and K 
from the known ordinates of the curve. Multiply thefe values of A and B 

T '' 

by — ^ ^ obtain tlie values of A' and B'. 

- — . A r f> 


1143. M. dc la Grange 


• In tlje cafe of the fiiftaid third fatelhtes of Jupiter, hf has ihowu that this A.or' 

^liOt differ more than the aoooth p irt of tlio whole from the truth. 




1 This 1 $ piovcd m the Chapter upoa Interpolation. 


THE^PLANES OF THEIR ORBlrs, FROM THEIR MirTITAI, ATTRACTIONS. 

1 143. M < 3 c la Grange has Ums inveftigated the values of the coeiEcients. 
Let cof* z, and fuppofe 

=P4-^cof. 2+2? cof. 22 +&C. 

% 

Tala the fluxion, and we have 

• 

isbr fin a 


189 


fi-¥t 


:^fin. 2 + a2? fin. n^+Stc. 


Multiply the fiift of thefe by T, and the fecond by it’s equal ^®+f*- zbr cof 2, 
and 


^sbr fin z 


= ^* + ) —^b, col 2x^fin 2 + 2i?fin 22 + &C , 


Or, 'zsbr fin. zx- P + ^cof. z+R cof. 22+&C. 


ssb^+r^-'Zbr coi 2 x ^ fin. z + zR fin. 22+&C. 

i 

t 

1 144. Now fin. z X cof zz = § fin. 3 2 — f fin z, and cof. z x fin. 22= 
I fir? 32+ i fin 2, in the Ull equation therefoie, fubftitute for fin 2 x 
cof. 2 2, and cof zx fin 22, thefe values, and we get 


,* sbrxzP-Rxfin z -i-SiC =b^+P x zb>R x Cm 2+&c, 

all the other teiras containing fin. 22, fin 32, &c. Equating therefoie the' 
coefikients of lin 2, we get 


sbi y zP- R = ^^+r* x ^—zbrR, <• 


, , „ • A +r;>^ Q--''sbrP 

, / ^ * z-sxbf 


1 14^* Let 


4 


f 


ON THE EFFECTS PEODITCED ON THE MQ-tlONS OF THE PLANETS IN 

1145. Let cof. 2!+i?' cof. 2Z + kc Multiply the fufl 

by F, and the fecond by — cof. z, and we have 

f 

~ = 1 /' — zh col. zxjP' + ^ cof. z + &c. 

t f 

n 

f 

But cof. cof. »= cof 2Z, hence, 

f > tr 

O 

X . . r ^ 

r , -pr^ X P' — br^+hc. 

r 

the other terms being in terms of fin. z, fin. zz, &c. And comparing this 
with our firft alTumed value of 4- , we have 

i’*+r®x P'- br^=P. 


1146. Next, multiply = P' + ^ cof. z + JR' cof. 2z + &c. by 
zsbr fin. z, and 

2^sbf' fin s* 

— — = zsbrP' fin. z+zsbr^ fin- zxcof z+ zsbrR' x£m. z x 

cof. 2Z+&C. = (as fm. 2 x cof. zz^i fin. 3Z- f fin. z) zsbrP'-sbrx R' x 
fin. Z+&C. 

7 jm 

Compare this with the value of ^ in Art. 1143. and we have 

^iTi 

2sbrP'-‘sbfR'=<^ 

tr 

But there muft be the fame relation between P\ R', as betweeh P, R, 
only wiitingj+i infteadof r. Hence (1144), r?'- ^l+’''^^'-2xs+ixbrP' 

I — j X ht ^ 

fubftitute this quantity for R' in zsbrP* -shrR and we get *• *1 ' 


1 — j 


X ^brP' — b' Jfr* X 


From 



TnE*PLANES OF THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. 
Fiom tins equation, and the above equation F+? x P'-i>r^=P, we obtain ' 


P'=- 


s 










KioWmg therefore the twe firft qtrenrities P, .n the value of « tun 

Bud the two ftift quantiUes P', C ‘t tV. ' 

_ P" J. cof. « + &C. we have 




P'^s' 


I +J 


^‘-r» 








If we fubftitute u'i thefe expieffions foi P' and ^ their values in teiius of P 
and Q we fball get P" and in terms of P and ^ Thus we get the co- 
efSlients qf the terms of the fupenoi powers in terms of the coefficients of thoe 

of the hifenor. 


• ut^ *j5 + §.cor ^+K cof. au+d cof. Ju+Sc. to ftud^P, 

" S P &C. If e be 3. number whofe hyrerbohc log. = r, then e '' + 
, 2 ..^. cof. 00*. Hence, the valne of P, ot i-+r'-aJr cor^a = 


ON THi, EFPLCr'? PnODtrCED ON THE MOTION? OF IIIK FI ANET‘s IN 


z s / —I — * - I ^ 

b - te xb — fe , thcicfoie — 

A •' 




a V"- ill '* — 1. ^ - I ^ 1 

b-te h }.’ 1 


thcfe two faAois expandevi give thcfc two feiics. 


, sre’^ ^ T s+i ^ .1.1 + 1 s+i 

b'^ 'b+‘^ ~ 2i^'f+r“ + - 2~^b'-i-:~ « 


I 'j+ I . , J j+i s + 2 ,.*^,— 3 * v'- 


r; + "IT 


^<+1 


zb'+^ 


z . ^b'+i' 


+'&c. 


Multiply tliefe two feries together, and for « \/_i ^ 

foi ✓-! ^ ^2., foi ^3>f a/_1; ^ 


s,&c. putalfo«=j, |3 = j.i±i, 3/=-Li±Li±^ 


2.3 


&c. and the piodud. 


or *pr , becomes, 


^^x(r^c.^'j^+( 3 ^C+yll + Scc) 


+ ^ ^ ^ + «P +&C ) cof. 


+ px (f 5 fz +133^^4 + J'^^+&c') cof. 2; 


&c. 


&c 


&c 


And conipaiing this with 


fTs^P + ^cof z + R cof. 2 z, Sec. 
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As the quantity .^*+r*- 2, (Jr cof. z is alfo = 

. yve may change r for l> and ^ for r, fo as to make th^ greater of the two enter 
into the denominatois. 

^ * 

1 148- In the piefent inftance, we want to find P and ^ when f = ^ , but 
in this cafe the coefficients «, ( 3 , y, &c. would not be converging, we will 
begin therefore by taking s=-i, which will give the fenes a fufficient degree 
of convergency. Let us therefoie compute P and ^ in the equation 


~-j - =P+^ cof. z + R cof. az+Scc. 
P ■* 


^ from the feries exprefling their values in the laft Article, writing for x. 
1149 . Let =,P'+^''cpfvJ 5 +ii' cof. 2J5+&C. then ( 1146 ) 

yi ' ‘ ' 


n^— ^ -P 4^rP + 3 >f i’-f r* X ^ 


1 150 . Let ^ =P'''4-^'' cof. z+R" cof. 22 +&C. ’then ( 1146 ) 

• 


4 l>rP'-i^+r^x^' 






» » 

Subflitute? fsr P* and ^ then values found above in terms of P and 
and w<? get* " ’ ' 


V^OE. IT4 




Bb 


0)"— _ 


3 ^ 


1151. Now 


# « 


ON THE ETFECTS PHOEtTCED ON THE. MOTIONS OF THE FLANETb 

' 1 15 1- Now P and ^ aiife fiotn the fuppolfition j— - i , putting therefor-^ 

( 3 =--.-, 7--~ - Z ' 9~- 


24'' 246 2460 


~ J- j &c. we have, 
b 10 


z 4 0 






(^"a= 


6 ^ 






where we may change r for I and b for r. Hcie the coefficients a, | 3 , y. See. 

foim a feries decreafing fo faft, that the tenth teim is lefs than and thefe 

terms approach to a ftate of equality; therefore, aftei taking the fum of a cer- 
tain number of terms, we may confider the other terras as forming a geometiic 

feries, the ratio of whofe terras is p . Hence, if f be any tcim, the following 

terms will be nearly r ^ + 7* -l-&c. = rx but fomethrag lefs, as* 

the terms themfelvcs will be a little lefs than if they had proceeded accurately m 
geometrical progreffion, becaufe the fadors in the terms denoted by the Greek 
letters are lefs than unity, but approaching to unity. In the cafe of Peim 

and the JSartb, nearly; therefore p is lefs than | , and is lefs 

than I j'thus, the fum of all the terms which follow T" b leb than r, and this 
' is the mofk unfevourable cafe that can be put. If T be the tenth teim of either* 

feries, it will be Icfe 'than , ten terms only will therefore be fuffici- 

1000000 

ently accurate for this purpofe. In all other cafes, ^ a fmaller number of t«tms 
will be fufficient. 


PLANES OF THEXR ORBITS, FROM THEIR MCTTAL ATTRACTIONS. Ip5 


A 




To find the E^tiofts of the Earth’s Motion cartfing from the AttraEtm of Venus, 

' fnppofing the Orbit of each to he a Circle. 

A 

ii^. Let SP=r=i the radius of the earth’s or bit, SE=b the rad ius of Fig. 
ihi orbit of Venusv s=EPi then (iii8) s= C/i + b'-2j> col. z, and Ho* 

3 ^ 

colTzl" *=.^+5 cof. z+Ccof. 2Z+iD cof. 3Z+E cof. 42 

+ hence, 

— _ JL —Ab— - 4 - 5 ^ cof. z-\-Cb cof. z%ArE>b cof. iZ-h-Eb cof. 4Z + &C 
j» b*~ b' 


And 

" fi - .il X fin. z = Ab fin. z- r; fin. z+5^4:of. z x fm.,z + cof. zz 
hr* ^ J ^ 

X fin. z-h" Db cof. 3 ^ ^ ts-h-Eb cof. 4^ ^ ^ "h 

i * 

Now for cof zx fin. z, cof 2zx fin. z, &c. fubftitute their values as in Art. 
1119. and we get, 

A 

fi. _ xfin. z = {Ab- h- i Cb) fin. z+ (| Bb-i Db) fin. 2Z+ 

U* ■ ^ 

(I Cb^iEb) fin. 3Z + (f Db-iFb) fin. 4 Z + &C. 

-a' 

Multiply this by cof z and divide by fin. z, and for fin. z x cof z, fin. 2z 
X cof z, &c. fubftitufe their values (i 1 19). and we obtain, 

A 

X oof z = ^ Bb-{-{Ab— p+ipb) cof z^^(f 5 ^+f Z)^) cof az 
• f (i Cb.+^ Eb) cof '3z-l-(i 2)^+1 Fb) cof 4z+8tc. 

^ ^ .» A ^ 

,1153.' As the orbits are fuppofed to be circles, zictnv (1117) i liente. 


B B 2 


F=M 



Iy6 ON Tiriv EFFECTS PROPtTCED ON THE MOTIONS OF THE PEANETS JN 

JF’=M ^ ~ fin z^M \ Cb^ ^\n.nv-{-(^\Bb~l Dh \ 

fin. inv ^ (^l Cb-^lEb j fin ynv+ (^iDb -- 1 Fb^ fin, , 

If 

(h - (? : X-) ^')=M(A-iBi+(B-^l+ 1 . 

- ] Cb'^ cof fjv + ^C-^JSb-‘^Z)b^ cof. 2«X) + ^i)-| Cb—j EbJ coC.j^iV. 
+ I Db - i cof. . 

1154. The value oi /Fv, the radius r being unity, multiply theiefore 
the abo\e value of F by v, and take the fluent, and we have 


<=M('(-^4+i+iCi)lcof. nv — (Sb-Db) L^cof. 
El>'^ ^cof ^nv- (^Db-~Fb^ ^ cof. 4«i’^ . 


zuv- 


(^Cb- 


1155. As /'=■!, wehave?=o, and the value of P = D- 2^, but the fit/t 
term A-^Bb in the value of D may be omitted, it not being a variable 
quantity, and therefore cannot be concerned in producing any of the 111c- 
gulanties of the earth’s motion in diffeicnt paits of it’s orbit , hence, \vc here 
aflume 


P=M f(B+^—ixAb—^~ix~- - +|xC^) cof 
V » « b’' n ^ / 


«v 


+ X Fb-r ~ + f X F)b'^ cof. 2«v 


+ fD + i^-lx C^— Eb^ cof, 3«'y' 


+ f£ + ^- ix Db—~ -\-^x Fb'^ cof. 4«‘y^ . 

(T 

r 

• 1156. By 


i 


THE PLANES OF THEIR ORBITS, FROM THEIR MITTUAt, ATTRACTIONS. 

1156. By obfeivation, we ha^e ^ = 0,72348, « = 0,625, Bence, 

0,52342', 1 + ^*2^1,52342, 2(^ = 1,44696, therefoie i + ^®-2^ cof. s:| * 

= 1,52342 - 1,44696 cof. zj * = ^+B cof «+ C cof. 22: +D cof. 32 + 
E cof. 4z + J’c9f. 52 + &C. and by the rules (1133, &c.) we have aheady 
given, we find ^ = 4,9996, S = 8,886i; hence (1136), C — D = 

6,03^8, £ = 4,8572, £=3,9281, from whence ^^ = 3,6171, £^=6,4289, 
C^-i,37i8, £^=4,367, £3 = 3,5143, £3 = 2,8419., 

1157^ Subftitute thefe numbers into the above values' of e and £, and 
we have 

f = M (1,5699 cof. H2;- 0,8274 cof. 2 K-y- 0,4954 cof 3 - 0,305 cof 4«i/) 

P = M (1,3598 cof m2i+ 3,6765 cof 2 «t + 2,584 cof. 371V + 1,8828 cof /s^nv) 

f 

115S. A£rummg<^=i, ifP=^'cof »i2+3'cof. 7iz + &c. thenS= 

x“cof. m% 5 — xcof 7/2 ~&c. (ixii), in this cafe, the dmfois ;k*-i, 

I , 

' «*— r, &c. become »*— I = -0,609375, 4a*- i =0,5625, 97;*- i =2,5156, 
i6»®-r = 5,25, alfo £= 1,3598, 3 ' = 3,6765, ^' = 2,584, £=1,8828. 
Hence, 

S — M (2,2314 cof 6,536 cof. <inv— 1,027 3^^‘^~®5358^ cof- 4^^“^)- 

• * 

1159. The expreflion for the corredlion of the time is the fluent of 
— 26' +f X “y , llibftitutin^ therefore for S and e their values here found, we 

have • , , 

« 

- zS-^eX 27 = — JbT (6,0327 cof. 7117 “U- 13,8994 cof. 2 7717 .“y- 2,5494 Cof 
37 Z 2 > .“ 17 - 1,0222 COf. 4 «t 7 .'t 7 ). 

* , * * , * 

• ' ... 


*1 


Hence 


19^ 


OK Till E11LCT3 prOHUCED BY THE MlDTlOKS OF THE PLANETS IN 
IlcncC) the cotreflton of the tme 


_ -/2S^ (-x y= 


1,0222 . \ 

■ fin 4 «v ) 

4 « 


= -iU’(9,6i.7^ fin ?iv- II 1174 fin 2«v- 1,^597 fir 
— 0 40S9 fin 4Hv) 

C 

1 160 The coueftion of the longitude fo fai -is legaids the diftuibing 
forces (iii4)> is the above coricftion of the time with its fign changed 
fubftitoting thcrefoie the mean longitude v foi v and putting r=»x=the 
mean longitude of Venus -that of the eaith, we have the concdlion of the 
mean longitude 


s=M (9,6475 fin /- 11,1174 fin 2/-i,j597fin j/-o, 4089 fin 4O 


1161 Now (1067) the mafs of the fun being to that of Venus as 

3,39^8 0,88993 we ha\e =0 000002665 fubHitute thcufoie 

this value for M» and multiply the whole by 57 29578 m older to reduce it ♦ 
into dcgiees, and we get the (orreSiw 0/ the longitude 


= 5", 3 fin /-6",ifin 2r-o',7fin 3/-o',2fin 4/ 


*162 Thefe are the equations of the earth’s motion fiom the aftion of 
VemtSi upon fuppofition that the orbits aie circles if we confidcr the oibits 
as being excentnc, we may compute feporately the effedts arifing from the 
rxcentriaties, as before fhown Thus we may obtain the equations of the 
motions of all the planets arifing fiom their mutual attradions Sec Htf de 
VAcad dPanSf 1754, 1760,1761, 1785, 1786, andJ/*/? deVAeai d Berlin, 
1781, 178a, 1783, )I784 j alfo, Euler's Reeherehes dcs Jjiigalttes de Saturn et 
Jupiter 


On 


r 



THr ] 5 i-A.s ''9 01 Tnur ounm, prom thlit MUTirAr ArTRicxrovs 


it)9 


' On tin Motion of the Moo i s Apogee 


n6j The aiftion of one plinct upon 'mother to diljuib it's motion abouL 
the fun IS fimilar to the iftion of the lun upon the moon to diftuib it*9 motibti 
ibou the eaith The genenl equ-ition of the cuive thetefoie which the clif 
turbe I phnet deleiibes imy lepiefent th'it which the moon dcfsrtbes about 
the earth, and thence the ineguhiitics of the moons motion may be invefti 
gated But on account of the length of the fubjedt, we cannot here giv6 an 
inveftigation of all the lunai inequalities we piopofe however to fliow how 
the motion of the moon s apogee may be found and thtt being underftood, 
together with the method of deducing the equations of the motions of the 
planets the leader will be picpaied to entei upon any fuithcr lefeuches of 
this kind 

1164 Let E lepicfcnt the caith, M the moon, S the fun, and at A the Tie 

higher ipfide* let the moon be in conjundtion with the fun at put the mean 24=^ 

dlflince of the moon from the eaith ~i, <^=:the feini paiameter, r—EM^ 
ES=by MS — St K = the cxcentucity of the moons oibit, v^AEM^ v^BESt 
i^z:^SEM NowfiiiS) 




^ Mx r f Mx h M") 

^-~b' “ J 

„ (Mxh M^. 

F=- 


cof z 


I 


But MS = b +1 ' zbr cof 
^ X I - ^ cof z, and ^ 


(as r IS very fmall in refpeiSt to b] 

— ^==^,= -,y. + ^cor* 
P X I — cof z 


Hence, D = ^ - xcof z , neglefting that term- where b* enters into 

if* 0 

the denon inator, as, being extremely fmall when compared with the reft 
Alfo, ycof zxiin z, but cof cof zz, and cof z 

X fin z = |fin az, hence, 






J .00 


on THE rrrirTs raoDPCED on the motions of the planej in 


D=- 


iMr 


•s Mr 
~b^ 


Cof 2 2 


f' 


F= rr- fin 22 

b* t 

But e — 'EUm = r being aflumed = i and P = jDr* + — is 

fubRituting therefoiu foi Pand D then above values, and putting . 

we obtain 


e = 


2j> y d* 


fin 2ZXV 


P=- 


ar* g«>* - <?»» » 

— r, - IT cof 22 jj— 

2 <i* 2 c/* aa’a; 


X fin 22 -“ 2 tf, 


neglecting the denominator i 1 2^ of this lift quantity 

11^5 To e\phin the principles of the method by which we piopofc to find 

die motion of the moon’s apogee, we will cake a moie Ample caic of the pio 

blem, negledting the force which a'ts peipendicuhrly to the ladiiis vcdtqi, in 

vvhich cafe D becomes the only difl.uibing fqice, and P = Dr Suppofc 

h X h 

D——^i and then the whole force to the center = — + j5 'NowP=d 5 r*=a 

Jt Ji ^ 

but (lii2) i ^ cof mv hence, P=^ — comparing 

therefore this with the gencial value of P=<2’cof wii+^^cof nv^ we have 


a = — 


hw 


u — « = o, hence (iiii)j the equation of the cuiye becomes 
d d 


h =: 


I I 
— =?; -H X I 

P 


- I cof v -\ — cof mv Now 

p'^‘^dxm-1 d) ^ pdxm^-x 

It 13 minifcft that this fuppofition 3 = ^ ^ Wfbe j iftifv?d, pro 

vided we con mate this equation coincide with the above equation of the 


„ I hi //** 

curve , to do which, we offume ^ + 2 “ 









TH^ PLANES or THEIP ORBjiTS, FROM THEIR MUTUAL ATTRACTIONS 
hiv 


ROI 


pdx " J equauons we find m = \J i--y d=p-h, 

w = , thus we have found fuch values for w, d and w a will 

make the equation of the moveable ellipfe coincide with the equation of the 
cuive defaibed by the body We fee theiefore thit the effedt of the foice — 

added to the foice -- , changes the ellipfe expiefled by - = ^ ^ x cof i; 

into a moveable ellipfe expreflld by - = — cpf 

* P—" p < p-h 

paiameter and excentncity of which aie diffeicnt fiom thofe of the ellipL 
defenbed without the diHurbing foices , and the ingulai motion of the phnet 

I I - This 

P 


tint of the apogee v v-mv i i—m 


agiceswith whatve determined in Ail 83^ as will appeal by fubfUluting 

in the geneial cxprelhon foi the foice c=:// w=i, 

»=o and making p=:i Upon the fame piinciple we Ihill proceed torn 
vcftigate the motion of the ipogee, when the foice Fia fuppofed to adt 

“ j cof tnv we have = 


1166 


•= I + w 


J ' J ftr V TTW — ■■ ■ A ■ 

^ ^ ^ d cof niv 

cof mv + w* cof inv* + hc raife this quantity to thefquaie, cube, and fouith 
power fubftitnting foi cof mv' col wjv® col mv^ &C then values J + j cof 
awv, i cof mv+ J cof ^fnv, „ + J cof zmv 1 , cof 4WV, and put a'=si 

, p =w+ ’w* y :=i+57o*, ^ + e'=i ind we act 

, 4 ® 

^ i=i (iH 2zvco{ mv + ' w* cof zmv) 


^4 =y'+4J''cof cof imj 

J * 

, d< 3 P cof )?lV-\ jTO* col 2m ) 

ij— = - 3 p'/« fin mv^G w'm fin 2 mv 


VoL II 


Cc 


1167 By 



20 „ 


O'riin iiuci PI oDJ< Cl) 0 I Titr I oiioNs or iHf pL^NEis IN 

III)/ By Alt iiij t-i I \\hich IS u Lci ntlj accui tc foi oui pidtnt 
puipik tint lx i 2 I cof « 1) | ^ zu cof Zinvxv vciy nciilj, 

'ifluining 8 = ij cl = 1 , hcnrc, t == o \ lin mv 1 — liii imv the 

the mtin motion (mO oi the moon coiicIpo'Khn^ to Iho tiue motion 

m vihich time tlu fun dticnbp the angL x ht lluiefoic i““ t “is the 

^ V * 

in in motion ol the luB tint of tlic moon and we have v + ~ fin ffiv f 

W 4 k 

^^‘^-fin 2mv I I theufoie if we put a = — X j ^ , 

]m « 

b'= X I — - j wo have, 


«=--<?' fin mv-i fin ^mv 
n 

ii 6 S Now to find the vilues of fin 22;, cof iz, -we may confidcr -’Z as 
made up of two paits, — and -za fin wiu-z^'fin 7 mv , henco, bylti 

fi 

a %) 

gonomcti}, wt ha\o fin 22 = fin — x cof (2/7 fin mo \ fin zmvj 

^ cof -- X fin (zzj'fin mv-\ zb fin zmv) , but is <* and aiolinill, we 
» 

we may confidci cof {za fin mv 1 zb' ^la zmv) as equal to iinityj and 
fin (za'xfin mv \ z^'xfin zmv)-za lin mv-\-zb fin zwf, ind lubfli 
tilting for the two pioduds of cofine x fine, tlieii values in twm oi hilt the 
fine of then fum - b ilf the fine oi then difference wc have 


- 2 - 2 , 

fin 2 2 “fin H a fin - m v -a fin ^ +;« v-\ 
71 n n 

b fin - -2W fin - 1-2W v 

n n 


2 * 1 ' 

1169 Alio, toi -"' = cof — > eof (-Jfl fn mv + zb fin zm»)) I • 


fin — X fin (za fin mv \-zh fin zmv), afluming theiefoic the time eofi«ie 
n 

= I as b foie, and fuoflituting foi the prodndls of the l^vo fines then \ ilTies in * 
terms of hilf the eofinc of then diffeience - half the cofifie of tl cii fum, wt Into 

cof 2 ’' 





Tirr*ptANr 9 ot riu ip oiu n?, from thtir mutual a i pr * f i ro •is 
cof ? - - col ^ i cof ^ -y - rt cof ^ + 2 V 


n 


n 


* +b cof ~ ~ zifi v — b col “ r 2 ff/ ’t 
H n 

/ - 

a> * O' flt - 1*3 / %o^W f* 

i»70 The\alue of “ ^ ^ a 

whicli,is the fiift qinntity coiiflituting the value of P • 

iijr Having found the values of Tiiid of fin 2Zj we hive 

e /* X fin 2Z X ‘u= - /" (y + 4 ^ cof mv \- cof 

zp J d* 2 ,p J 

2»;'u)x(fin ^ I a fin v-a fin v + b fin |- 2 W v- 

^ fin ^ +2W v) XV Now leaving out the general mullipliei — ^ ^ — 

•uid adluolly multijilying the othei terms, lei us only letain thofe lei ms which 

will pioduce quantities of this kind, fin fin v, fin ^ +w v, 

• " 2 , 

fin i — zm v, as we will heie negledt the other terms, fin - 4 - v, 

^ X " 

fin - + ff> V, &c on account of then finillntfs In oui multiplication 

tt ^ 

Iheiefoie we retain thefe quantities, y fin — + ya fin --w u-ya'fin 


2 , *y 

- + ff 2 'Ll 1 -y^ fin “- 2 W 2 » + 4 J cof w-uxfin H -i-lfl'cof wvxfin 

* » “ 


• 2 V 

■y+ijo' cof awvxfin ■ — Now 
« ^ " 


A ly 2 A I" ^ 

aJ xfin — fcX cof WO) -aiJ > fin r»2 a 4 2tf x fin 7 -222 v 
^ n n 22 


4^«'xfin ■^-222*yxcof w-y — 2^ « x fii ~ 1 -jJa x fin 2,222 y 1 


• nw'xfin — xcof -OTU = * iw fin 1 - 22 u 1 - v fin ~zm v 
j a rf 22 

Colit iT-in >■ 


c c 2 




J03 


I 



ON THE EtFEv-ia PRODHCED ON THE MOTIONS OP THE PLANETS <•» 


Colledbing ihciefoie the coefficients of the ibove mentioned teims (negledting 


zS a' fin ~ on iccount of it s fmallnefs) we get 


ec= - /' y — s; 1 zi'+y'a xfin ^ ~m vxv + zS y a' 

zp j * n H * 

Qt - ■ I 2, 

fin ‘irxv y b + a x ^ w xfia-“2W vxV 

n » _ 


Putting therefore a = , h = — x c = — x ^ 

i-m i\m 

n n 


ad yb'+z9a+^w , , 

ds= fr X , p=a+bd c-d, 


zp 


2 . 

- 

n 


and taking the fluents we have 


%v 


— 5t^= - 2 a» cof 2ba cof - — cof - +m v 

ti n n 


+ 2d«cof--a/» v+zpet, 

ft ' f > 

wheie p« is the coireftion, fo that e may be = o when v=o 


1172 To determine the value of xfin 22:, we have (1166) 


dR 


— *(3 fin mm— 6 w w fin zmv and fin 2;^ = fin ~ + a fin ^ —m v 

« fi (, 


— a fin " +w v+i'fin ^—zm v — b'Rn - + 2W v, hence, -*fr" x fin 
a a « zePv 


zx 


~ z mv—6w m fin zmv^ !: ^fin ^ +afii - -a^ ly 

— a fin - I ^ fin - - y- 3' fin - + 2 W “y 1 r> iiow if we nc 

W fl H J J 

tually multiply thefe together, and retain thofe terms whiclv tic /)f the fape 

fpecies as thofe ictained in the lall Article, we have — ^ x fin 22 :=. * 

" zd^m z 

3 ^'m fin wv X fin - 3 ^'ma fin mv x fin ^ -w V— 6w*OTfin 2WV 

X fin 



THE PLANES OF THEIR ORBITS, FROM THEIR MUTITAL ATTRACTIONS 


ao^ 


xfin ^ — 3/3 X cof ^ v—fcof^+w — 

X ^ § of ^ —2fn v-i cof - 6 iv »? x cof ^ - 2w v — J cof 

, puttuig tteiefoie a '=3 ^ma, b'= i/ 3 w, c'=? ^'ma + ^ w m, 


~ +2m 
n 

we ge'' 


- X fin 2»= - a'<» cof ^ +b'i» cof - - « v- b«s cof - +»7 v 


+ C'« cof — 2W V 
« 


3«r* 


1173 To find the value of cof 22, we have (i66a) ^ = »^ 3/3' 


cof mv + 3W cof 2WV, and cqf a2 = cof 1 - a cof - — w? -y - a cof 

n 


^ +w y+^'cof “- 2 W y-^'cof - + 2 W y, hence, cof a2=73« x 
« « n d* ^ 

^ ^^« + 3P'cof WU + 3W cof 2/»v^ X ^cof ^+5 qof nt v — a cof 

2t Qi 2t 

■ — \-nr y + 3 'cof - — aw v-^b' cof - ^ aw vj ) , now if we multiply thefe 
n fi ' J 

together and retain only thofe terms which aie of the fune fpecies as ihofe 
which wc before ittained, negledting fome teims of the fame fpecics whofe co 


Q ft f ^ 

efficients aie very final], we have ~t cof 22=»x cof — +«rt cof - - w v 

” n « 


2d* 


-aaKQ{ ‘+w v + 3P'cof^wyxcof “+3^ cof awvxcof ~ + 3p'fl 

t* *9* 2 ( 

cof wvxcof vl-ft^'cof - but 

ft ft 




• Some of the other term befidea thefe will give teims of tlic required fpecica bat the 
coefficients aie fo fmoU that tnoy may be negledttd 






y 

) 




\ 



OM THB rrrrCTS PaOJIOCtD on the MOriON^ op lur PL\NET<rtN 


2 , 2f 

,13 cof MV A. co[ — = Q (loI fU V hto( - [M v) 

« ' « It ' 


2dU M ? 

^ giy cof 7 MVxioi — = ’w (cof —zm col +c,/;; v) 


? v') 


-(3 (/ cof mv X cof - - w ^ fl a (cof v h cof — 

^ « ' » M J 


putting diercfoie w = “ », ^ = ® p' + ’ ««, <r = * ( 3 '- ’ »«, t= ’ ® P a 1 ^ fy , 

we have (neglefting the laft terra on account of it s fmallnefii) 


!}*’ ^ r », /.2V .2 

* — r. col 2IK=— cr* col pa cof M v 

%d^ n ‘ « 


% % 

— 4 r« cof -+»; V — T«cof — zm v 
n H 

1174 Having found the vilues of all the teims which compolc the 
quantity P, let us add them to^ethei, and colledt the coefficients of the lil c 
terms, and putting A = z'x + 'i [-v B = zh — h f-fj C=2c + b+ff, 

Z)=2d+c'-'»'» Z( = 2p- *, we have 

2 i 


’j 

} P = jEa cof cof - — "Sacof — m v 

n n 


Cot cof 'y cof - - 2w v 

n n 


4 


1175 Subfl.itutc this vilue of P in the gencial equation of the cui\c m 
Alt mo and (dividing by p) we get 



IHr PLANES 01 rilEIR ORETITS, FROM THEIR MUTUAL ATTRACTIONS 
» 

I ^ Urijc ^ 8,, N „ 


Lc^ ^ I ,^05 P 2 i V 

— ' ■ •> ■ X col mV 1 .■,-■/ ; X col 

/.xA-i “ 

^ H 


X cof - - W V + 


X cof - +w u 


A X I - - w 


/> X +w 1 


CC P ^ 

a- , — - 1 X col — 2m v, 

2 « 

^)X I awz 

n 


b hctrd 

the Equation of the Lmm 0 )bit Moke i+ju»=^3 w 

^ -- — — + — - &c =0, where % c. m. have ftich values as 

^ t - I 

n 

%r t A 0,4 Bff>d 

will, fiitisfy Ihcfe cqnxliona, put illo />'= — , q = =. _ — , 

A ^ 


p < - - 1 
‘ n 


p X 1 — —m 
^ n 


V' = 


D»d 


^ , ind the eqintion becomes 


px jj+W - I 


px \ — - aw 

‘ « 


i V cof mv+p' cofr — q cof - —m p cof « +« v+s' cof 

r ■' n ^ n ^ n 

• ■ — ■ J < 

t-^zm V Now; - = i-wcof mv expicfles (iiiz) tlic cuive dcfciibed by 

M *' 

■V fliovcal^lc cUipk ind! tlic other tcims being fmill coni{5Trcd with thefe fiifl. 
find tb# V live of r Tiom tin cqnvtlon and fubflitiiting it into the value of 
♦P a feennd equation is found ippio\imitin|T moic nearly to the riuth, thus 
(w *10 we\o pioccid in tiic tlicoiy ol the moon) wc mi^ht coiiccl the equation 
ot the cuivc, 01 the equation wh di ^ives the idition bclwetn the diHinee 

and 


4 


9 


OH THE ErrECTS PEODtrCED ON THE MOTIONS OF THE PLANETS IN 

i,nd the Jinglc drfciibed But we heie piopofe only to fhow th? method of 
finding the mean motion of the apogee 

1176 Now p = I — ty cof mv are the piincipal leims of the equiuon, ind 

{1112) denote a moveable ellipfe, containing the gieit eqtution of the 
moon s motion, that is, the eqti ttion of the centei , alio the- motio 1 of the 
apogee And as this equation does not depend upon the fituition of 
the fun, the motion of the apogee which is denoted by it, ma^ be 
confideied as the me^n eff ft of the diRuibing foice This motion of 
the apogee is conftantly piogieffive ind (1112) is in pioportion to the 
motion of the body as i— /?; to i , if theiefoic i lepiefcnt the mean iliotion 
of the moon, the mean motion of the apogee will be lepi dented by i~m 
The other terms aic fmall, and depending on the pofition of the fun m leipedl 
to the moon, they will produce fome of the fmallei equations of the moon s 
motion, and the equations of the motio 1 of the apogee Hence, we may 

confider - = i — w cof mv as an equation repiefenting the bafis of the lunai 

01 bit 

1177 By obfeiaation, ze;=o 0550,5 the mean excentiicit} of the moons 

oibit, accoiding to Sii I Newton Alfo, i ^ i 0,0748 i 01, 

I — i =0,0748 And if j!i=the peiiodic time of the moon, /’ = that of the 
ft 

earth, we have (818) P ^ fctting alide the efreft of the dif 

turbmg forces, hence, ^ and a. [ = =0*005595 viiy 

nearly 

1178 The equation c- — + f&c =0, would 

1 — w 4 2 

“T”* ^ ~ -m 

* « 

(as E, J, B &c are in terms of w) give the iclaTion between c and w (loni 
which we get the iati9 of the eicentiicity ol the 01 bit which would h ivc Ixcu 
defaibcd without any diftuibing foices to the excentricitv of the iiue oibii 
but as c enters not into any future part of the procef , it is unnccdltiy lo 
deteimine that point 

1179 The equation i 1 ii» = '^ is ufod to determine the value of d, tint 

quantity entering into the values of p', j', r , j' ^ 



THE PLANrS or THEIE ORBUSt TROM THEIR MUTUAL ATTRACTIONS 
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209 


1180 Thecquauonw 


Ea^d 


contains an element of gieal import 


fxi — tn 

ance in the theoly of the moon, as fiom it we obtain the value of and thence 
(1112) the miJtidn of the apogee 

118^ As the motion of the apogee is flow, we may fit ft aflume w = r, 
and aftei wards cone£l that aflumption Fiom thefe values thcrefo?e ot w>, 

I — ■» i , H and w, we obtain fiom the equations in the preceding articles, 

«= 1*0091, (3 T=o,o555, >- =1,0151, ^' = 0,0557, w =0,00303, 4 = 0,00824, 
^'=0, 00017, 1,5136, f = 0,1374, (7 = 0,1124, t=o,oo7i8', '=0,0007, 

b''=o,04i6, 0^=0,00458 

1182 The coefEaenls a, b, c, d, as they oie expreffed m terms of - 

P 

cmnot be known till after the refolution of the equation 1 +Lu = ^, in which 

d 

L itfelf depends upon - Now p reprefents the ferai poiametci of the orbit 

that would have been defciibed without any difturbing forces, and d the tme 
femi parameter , and os the magnitude of the orbit can fuffer but a very fmall 

alteration from the difturbing forces, we may aflume - = i , and afterwards 

P 

corredl: It Hence, we find a=o,8229, b = o,2io7, 0 = 0,0543, d=o,o869, 
and p = 1,001 , confcquently 3,1595, 5=^0,5172, C = 0,2627, 
1)5=0,1721, jL = 1,4975 Subftitute this value of L into the equation 

1 and wc get ^=1,00838, hence, ^ = 0,9917 Now as the 

•quantities exprefling the values of a, b, c, d, have the quantity - as a mul 

P 

tiplier, the above values of thefe quantities muft be dirmnifhed in the latio of 

i 0,9917, therefore 2-^0,81607, b = o,2o895, 0 = 0,053849, d = o, 086179, 

conlequently we get a more correift value of ^ = 3,1557, 5 = 0,5162, 

0=0,2624, D=o 1708 Hence, ^'=0,00722, 7'=o,oio35, r =0,000205, 

j'= 0,00097, of which vilues, q' and s' aie thofe where the fubfliLution of i 



for m caufes the greateft cnor, on account of the divifors \ - ^ - m and 

^ 7 J 

• 2 

ZfH 

♦ » * 


voL n 


Dd 


1183 Fiom 


1 


OH IHE EFFECTS PRODtTCED ON THE MOTIONS OF THE PLANETS IN 


1183 From the equation w = 


Ett.d , Fnd 

■- I ■ we get \ — m — , now 

X 1 - w ® W/) 


£^0,0838, and ^ X « =0 9917 X 0,005593 = 0 00533, therefore i — w = 


0,008388, confequently i-«=o 004186 Accoidmg to this concliifion 
therefore, the mean motfbn of the apogee that of the moon o 004? 86 i, 
whereas* the ratio ought to be that of 0,008455 i , this conclufion therefoic 
gives the m<^tion of the apogee only about one half of what it ought to be 
accoidmg to obfervation We niufl: theiefore fee whether we hiye not orjaittect 
any terms, which, in the prefent cafe, may have been too confideiable to be 
neg]e(fled 


1184 In fubftituting the value of - into ?, 


into — jT' X fin 
zd’v 


2Z, and 


9 } 

into ^x cof zz, we aflumed it equal to 1 - w cof mv (1166) , wheieas, if we 


m d ^ Z *0 2, 

aflurae-^=i-wcof wv+p'cof — - 3' cof -u + &c (1175), them 

troduflion of thefe teimsp'cof — — y'cof ^ — v+&c will be found to 

11 u 

have a very confiderable efieft in the value of - | 3 , 01 of E, and confequently of 
i — tti Now that teim which will produce iny confideiable cflflft on L 15 

— j'cof ~t}j^ in the terms j, , ^ and — , when joined with fin 

s a a V n 

®of ~ in tfie values of fin zz, cof zz We will take each cafe feparatdy 


j "" ■ i— ^ 

1185 Affume - = r - tt; cof mj—q cof ~ — m v, hence, = i — aw 
cof wv— 4j' cof \-m V, theiefore ^=i 4 - 4 «;cor m»+4o'cof ~ -m y,* 

7f ^ ti ^ 

the two firft terms we have already confideied , wc have- thercfoie to aflume ^ 

d^ 

=i4^'cof V, and taking only the firft term, fin m the aaltie of 

fin zz, we have zzx 'v=4q' cof " — w vxfin ^ x v = im' 


fin mv v+zq'fin vxv which laftterniwe may omit, Tt not* being 

of the fpccies which we here want , hence, e= — f zq' fin mv X *11 = 


3 


THE jPLAKES OF THEIR ORBIT?, FROM THEIR MHTlTAr, ATTRACTIONS 
3 dcj^ ^ 

cof wv, the coneftion therefoie of - ae m the vilue of P ig 

- 6 uaq f ^ 

- -rr cof mn} 
ptn 

1 1 86 1 In like manner in the quantity -j wo get the term a ?' cof 

a * n 

whic^i lias ,iot been •confideied and taking only tlie lii ft term, xof m 

« 

the value of cof asr, we have —j x cof cof -- w a; x cof — =, * q* 

cof «v+ ’ y cof V which hft term ve omit, as not being of the 

fpecies which we heie wint , hence we olTume cof 2 Z = J«j'cof wv, 


which »s the coricftion of — cof az m the value of P 

2u 

1187 Again aflumiug el=i, m the quantity r* we mtioduce the teim 
oj cof V, theiefoic ^ ^ - m v hence, we 


3 *^^ 1*7 2 ^ a 

zd*v a ^ ^ X and taking only the fiift term, 


in 


fin ^ in the value of fin 22, we have x fin 22 = ^' x - - 
2 « 

X fin ^ -w vx fin = i?i X X cof mv- x « x col 

V, which hft teim we omit, as not being of the Ipecics we hcie want, 

hence, we aflumc x fin 22 = ^^ x |-wxcof wv, which is the cor 

icdbioft of X fin 22 in |;Jie vilue of P ^ 

IT 88 The three coiiedlions theiefoic which P receives make — 4 

\ pm 

♦ \x j aq coi mv , bni in the value of P before this teim was 

— 4 coir mv, and we put ^ = ’ j 3 we muft now thuefoie put P = ’ (3 + 

^ ^ ^ ^ ~ ”0 ?'• tlicreforc incieafed by (~ + J ’ x m'^ 

0,07^4 j the foimcr value of ’p being o,o 8 jS, the coiieiftcd aaluc of 

n D a 



OM THL rrX?CTS PROX^trcrD ON THE MOHOKS OP THE PL\N1'TS, &C 

T 

J =o,i6a2 hence, i -?»* = -^ = 0,0162,6, and i -??/- 0,0083 6, which u 

ffcf} near it s true value 0,00845 5 Now there ire, ifiet this corredlioii, only 
tome veiy (mail quantities omitted, the opti uion theiefoie ought to be v veiy 
near approvitnition, ind accord inglj we find it to be fo, hence, ^e nny 
cor Jude that the theory of gravity is fuffiaent to gue the true motion of 
the moon s apogee 

1189 Having determined the value of m, we might i-ouedt ill the giian 
titles which depend upon it and then pioceed to find the coircftion pf the 
timcf uid thence t^T^t of the tine longitude, in like manner as we obtained the 
fame for the planets , taking into confideiation the excentiicity of the Caith s 
orbit, and the inclination of the moon’s oibit And m the fame manner as 
for the moon, we may find the motion of the apogee of the oibils of the 
planets But a full inveftigation of all thefe things would exceed die bounds 
to which vse muft confine this work 
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’ ( ON THE TIDES <• 

1 

Alt 1190 ri-^HE phaaomenon of the tides is a clrcutriftance which muft 
A hive been obferved in the fiift ages of the worW ArcojcJing 
to Mr Q08TAE.D, m hi3 Hiftoiy of AfUonomy Howcra is the moft ancient 
'luthor who has mentioned it Heroootits 'fpeaking of the Red Sta or tiu 
Jiabiau Gulph, fays, that ‘ thcic is a flux and leflux of water in it every day 
And Diodorus Siculus dcfciibcs it to be * a gicat and iipid tidt TThcfi 
writers however, do not attempt to gucfb it the caufe Pittheas of MarfetUe^ 
who lived about the time of Alexander //le G)ent v\as the firft pcifon who 
fufpedlcd that the phdcnomenon wis owing to the moon Pliny liys diicftl), 
tint It 13 caufed by the fun and inoort, MJlns mans accedere et rtcipiocare maxme 
tmrwn ejl plvrthus qutdem modts accidif, verum caufa tnfol§ Imaque Bis inter duos 
exoitus lutite qffluuiU) bijque rettieunt, vtcunis qustti ntfque fe/siptr 7iot is , and from 
Tfurthej obfervatipns which he has made upon the tides, ^t appears, that tlicj 
mufl have been very accU^ly obfeiVed m his time Galileo thought that 
die tides weie owing to the lotatory motion of the eaiih about it 3 axis, and ids e 
revolution about the fun , but the phaenomena can by no mean be lolvecl from 
thefa caufes as the foimer motion could only nialce the eaiih put on the form 
of an oblate fpheioid fubjeft to no change, and the latter would produce no 
tffe£t on the fbiface Di s Cartes imagined the tides to be caufeJ by the 
piefluie of the moon, but according to this liypothefib, the tides ought to be 
loweft when the moon is on the meridian flor could the eflcft bo the fime 
when the moon is below os when above the horiAon Di Wallis luppofed 
the pJisBnomcnon might be fblved by tfie earth andi moon revolving labout thoir 
center of g avity , but as th-t tides depend on the fituation ot the moon to the 
fun, and oie gieatefl when they ore in conjunftion, and Icaft Tvhen in quadra 
tures, it IS manifeJJ:, that they mu Hi be pailly owing to the fun, and therefore 
os jhe fun and moon appear lo aft in like manner lo produce the effeft, this 
canpot be the twie,pnnciple Kepisr was the fiifl who iflignul the true 
phyficaTcaulfe , he fays, tliat 4^he waters of the fea giavitate towards the moon, 
and caufe^the tides (a'’o) Laflly &11 1 Newton has fhown, that flom the 
principles of' gravity, the phaenomena of the tides may be folved, but the 
eftefts from theoiy ifl'ufli be interrupied varioufly from local circumft mccs, as 
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Fig 

H3 


the theoiy fuppofcs the whole fuifece of tb* earth to be coveied with water, 
which would, in fuch a cafe, hive a free motion 

1 191 Let PEpD be the earth At reft ijvitl^out any lotatiorz about it s aus, 
S a body at idt attiafting it, dia\V SEOD, and Pp perpendicidai to it, then, 
by the attiadtion of S, the eaith will put on the foim of a tphcioid, whole 
miijor axis is Pp, and riiajoi EX>( Let jPjbe the attriQion of the lpherc*id at P, 
E Its attiadlion at E, independent of the diftuibing foice of S, then, (975) 

the attiadtior of AT in the diiedtion MR is Px^, and in the diiedio^ 

OR 

t IS Ex Let t/i lepiefent the addititious force of S upon the point P, 


and » that upon the point E, tlien((84^) as the additiuous foice vaiics as the 
dillance from O, PO MO m mx the addititious foice at M, henct, 

MO MR, or ^0, m x ~pQ ^ x the addititious foice at M in the 

diieftion MR, alfo EO OM n ux the addititious foicc ttM, ht,ncc, 

OM M§^, 01 OR the addititious force at JW which 


ads in the diredion Af ^ theiefore (847) 2wx — = the whole diftuibing 
force on M by the adion of S in the diiedlion Hence, the whole force 

of M in the diicaion Af,^is E-znx and in the direftion MR it is 

P + iwx pQ> thefe two forces be repielented by Mg, Mi, and complete 
tlid (parallelogram Mrqg, and produce Mq to G then gq, 01 Mr Mg 
thaUs, 

^M, or P+»i E—zn OE OP, theiefoie a Ipheioid having two axeg in 
luch a ratio, the direiflion of the whole foice atevcifpoint will be pefpcndicuhr 
to the furfice, confequently the fluid will be at left 

1192 By Art 858 it appears, that the addititious forcii of the fun on a 
particle at the eaith s fuilace the force of giavity at the earth 3 fuifacc, die 
fquaie of the periodic time of a body revolving at the oaith’s fuificc t^se 
fquare of the periodic time of the eaith i 386(J‘4'6dC>s=zy, and tnis (without 
iny fcnfible error in the prefent cafe) we may lake foi the ratio on any parLof 
the earth s furfece, confidered fiift as a fphere, and then only diftmbed by the 
fun and moon Let thercfoie P = 2e», r, and put 0? OZii i Urd, 

then 
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then as OT « OP OE i i +< /» we have «=si+:/, 61^0(977,978) 

i + U iV]d^ w E = w X 1 - , hence, by lubftituting m the laft 

unde wyi-^d-2--%d 1 \-d r. and, by negledting the terms 

wheie d cnUis on account of then eictrene fraillnefs, *ve get d= _ 

’ “ 4W-10, 

(negledtsng 10 on account of its fm-illncft.) = 1 tliopart of the 

carlh'^s ndius which expi'eflls the difference of the two femidiameters hence, 
IS the radaisir ^964 miles (1009) we have d=2 0^3 feet for the efFeft of the 
fun in elevating the tides Now (8^6'^ the effed: of the fun is to that of the 
moon as the cubes of their apparent diameters and deiiflties conjointly , and if 
we take with Su I Newton their mean femidiameteis to be ^2' 12 and 
31 16 4 then cubes will be as i i 091 , and (10^8) the denfities art as 

I 2 44 hence i i 091 x 2 44 2 033 5,41a feet, the height to which 

the moon will i^ife the tides When thtiefoic the fun and moon ur m con 
jundlion 01 oppofition, in which cilt they both tend to 1 uft the tides in the 
hme place, the height of the tide will be 7 445 feet Ihus we have deter 
mined the figure of the earth and the height of the tides, upon tlio fuppofition 
of an eqmlibmim in all it's paits 

1193 We have heie fuppofed that the earth was a fphere and not a fphe 

roid, but if we fuppofe it to be a fpheioid and the lug in the equator, then tho 
mean radius of the earth which we l;iave aifumed will be to thp radius at the 
equator as 3964 3972,5, or as 464 465 Now as the oddititious foico 

vanes as the ladius, it will be mcreafed at the equatoi in the latio of 564 465 
alfo, as gravit) on the eaith s fuiface vanes iiiverfcly os the diflance (984) the 
gravity will be diminifhed in the fame ratio, hence, the ratio of giavity zv to the 
addititious foice will be diminiai^d in the latio of 46 5 464 coiifequendy d 

w 4 ^ be incrtafed m the ratio of 464 465* But zv, in this cafe, inftead of 

being will be lefo in the latio of the iidiub at the mean diflance to POf 
or as 465 464, hence, d will be ineieafed in the ntio of 464* 465* 

1194 It has been here fuppofed, that the high tide was under the luminaiy, 
apd that thy:e was a general equilibiium of the viateis , but the high tide is at 
fome diftanco ftom the luminary, and the waters rife and falf by a leciprocation, 
alfo, the fiee motion-of the wateis in the opep feas is hindered by (hallow places*, 
roqfcs and iflands m confcquence of which, the tides m fome of the open feas* 
at th&time of J:he ConJhnfLion of the lummmes are found' to rife only to the 
height of about three feet Tbus the theory done will afford no praft^cal 
conclufions * We fhall now therefore proceed to explain, as buefly a we can, 
what M D Ber^oitlei has written upon this fubjeft, os, by coiiedting his 

theoiy 
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theory by obfeiv-inon, he his been enabled to deduce praftical rules for finding 
the times and height of the high tides 

1195 Let be the fuiface of the eaith undiftuibed by the fun or moon, 
and fuppofed to be a fphere, EP^p the fpheroidical figuic'aiifing from the 
tides LetOil 4 =i p = 14159, &c then the content of thr 


fpheie = ^ X I*, and the content of the fpheroid = ^xi4Jxi-i=‘^^< 

I neglefting he terms where P enters on account of their fmatfnefb , 

hence, ^x i’ = 'i^x i+r- zs, thcrefoie 2J=:r, 01 iPg^Eb Hence, the 

altitude of the high tide above the level of the water if there had been no tide 
18 double of the depreflion of the low tide below therefore the middle between 
the higheft; and loweft. tides is not the height of the fea if it weic undifluibed 
1196 Draw Ozv, and wzy peipendicular to then as wo may confidei 
idle angle z-uw a right one, the triangles zj)»0 will be fimilar, tlieicfoic 

zO %y Zv) Zv=zwx^ Let Oy-s, Oz = h then %y = s/b , and 

it OP - OP =iw, then (1195) bE = ^m, andPf=j?w, and by the property of 
OP b- ,m 


the ellipfe, •/ Ey x y^= x s/Vv x b+ ^m^rs — 

(by dividing b — hy b-\ and exUadling the loot of the quantity under 
the radical fign, omitting the terms where the powers of m above the firfl. enterj ^ 

1 — j X ^ 

ai — A-* 

which fublrait -s'^zy, and there remains x )»> = gte, hence, 

zv = X m Now = hence, zv=3W —r — x/w — 

3 “ 3 ^ 

f . ^ -- X m t confequently tlie falling of the water from die higheft point is as 

die fquare of the fine of the hour angle fiom the time of the high tide, E being 
a point m theeqiia''or to which the luminary is vertical When2^V=^o, we 
hwe 3J == 50 , hence, s=ibs/~= (if^=?i) 0,57736 tie cofine of 54" 44' 
the angle EOM^ the diftance of the high tide from the point wheie the waspr 
is at the lame height at which it would have beeh if thefc had b^cn no tide 
IJ97 If wo Tuppofe both the fun and moon to be in conjunction at P, 
and if »»=0P— op arifing fiom the fun, and »=the difference clufed by the 
moon, then if wo tdte thefe quantities at the time wheft the fjm and moon are 

at 
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at then mean diftances, at which time wc may confidei then appaient femi 
diameteis as equal the cf edls produced will be os then denfities (856) theic 


foie then denilues will be os « 


» 


Hence (1196), zv = 


3^ 


X w ^ 




® T 

— ^'x « the altitude fiom the jomi efE,£t3 of the fun and moon whet* in 

coD^n£hon or oppofition ^ 

1 1518 If the,fun and moon be not in conjunction, but the fun be veiticol to 
E and the moon to F, then if f be the fine of the angle Fpz^ the altitude zv 

X « Now to find at what point 


3 ^ 


of the tide at z will be ■ ■ ■ " - xm + — . 

the tide will be higheft, we mull make the fluxion = o , hence wjr l-«J»'=o 

Put A— the oic bz, « = the a.ic Fz, C and c theu iLfpedtive cofincs, then 

C , f , 1 r I /T A . 

s=. ^ X hence, by fubftituuon, x^ + -j’Xfl=o, 


but os is conflant, A + a ~Oy thciofoic a — - A , confcqucntiy tnsC — 

arc But jC=-xfin zA, and rr=-^xfin la, thcicfoie wxfin zA—nx 
2 2 

fin 2fl or tt n fin za fin %A Hence, we have only to divide an aic 
%bF into two parts, that the iitio of the fines may be given, and the half of 
each pait will give bz and Fz To do that, let bacz=zbF^ diaw be parallel 
to oc, and take ab be tn n, and join at, and it will divide it in the ratio 
lequiied And to compute the two paits, in the tiionglc we hive the 
angk abe the fupplement of the given angle lab^ and the latio ab bt as m 
H, hence, n+m n — tn tan J eab-\-ai,b tang § eab — atb, tlieicforo 
wc know the angles themlclves Thus we get the point where the tide is 
^ighcfl If the aics A ind a be veiy fmoU, lo that the fine may be taken foi 
the aics, then mxz^=nx za, or w x A=^n x and hence, m n a A 
M D Bernoulli has folved this pioblem analytically 

H99 M D Bernoulii pioceeds fioin hence to find the latio of the 
dcnfitiLS ip ft in the folloTving monnei Conceive on one day Ihc fun and 
moon to be iti conjundtion at L, and the high tide at £ when they ire on thi 
meiidian Now mean lunii day being 24// Lt Uo fuppofc the next day 
jfihtn the fun is letuincd to F tint the moon is got to F, lo thit the earth 
haSS:o delciiuc ocpan^le of i;o of tune befoic the moon corat to the meridian 
Now the gieatcfl tide it 2 his’bctn found horn the m on ot a gre a numbci ol 
obfwvatiods, to be ilier thcfimpiflcd thcmeiidiui hciiec is thefe ire 
bz Fz aie fo Imoll that they may be taken as then liiii-s we I ivc, by thu 
VoL II Jr ull 
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hftAiliclo,m » is' 3i', therofoie»=l^/n=i> The irc Ihow 

the time of the high tide fiom the tiTnfit of the moon ovei the mciidiin We 
mu compute this iiuo u any pofiuon of the fun and moon only bj confider 
jng how much in time the moon recedes fiom the fun in a day, and hoyr much 
the high tide one day precedes that on the next and thence find Pz and 
bz When the fun and moon aii- in quadntuies, if y^ = B0 , then a = o ^ foi 
in this cale mx fin zA= 3 -o=nx fin za agieeable to the conditions , hcncC, in 
tin fituition the tunc ol the high tide would be at the pafftgS of the moon 
ovci tlic mciidian Afteiwaids the point Z of high tide will he on the pther 
fide of h Hence, from fyzygies to quadratuiea the high tide precedes the 
time of the moons pafiTige over the meiidian, and fiom quadratures to fyzygies 
it follow it Now m quadiatuies, the difference of the times of the two 
tides was found to be 85', therefore we have, m n 85-50 85, confe 

quently « = — xm=iz\m From the mean of oil the iefults,-M D Bee 

noulli concluded n = zim, which ogiees very weU with that deduced in 
Art Io^}8 fiom the preceflion of the equinoxes, and the nutation of the earth 
-IMS The method ufed by Sir I Newton to dcteimine the ratio of m «, 
was by obferving the gieitefi («) and leafl. {b) afeent of the wateis from low to 
high tide at the veinil and autumnal equinox m conjuniStion 01 oppofition 
and in quadiatuies, and then as the efildls of the fun and moon oic m pio 
portion to then denfilies, then mean dnmctcis being neail y equal, we have, 
ifLf)] tt-ffi a b hence, M m i a+b ] a-b By tins method 
I Newton found n m 3i i from obfervations made at Bnitol 
Fiom obfeivations of alike kind made at St Milo, by M Thoueotjd, it 
ippeaied tint « m i The ratio of w and » heie found lepiefents the 

proportional difiurbing 'forces of the fun and moon at their mean diftanceo/' 
where we fuppofed their apparent femidiameters equal, and eonfequently they 
will alfo lepieient then denfilies But atany othei diftances, we mufl add 
to ihis ratio that of the cubes of then appaient dnmcteis Hence, when, the 
moon IS in ]i s peiigee and the earth in it’s aphelion, the ratio of w w will be 
aery nearly as i 3 , and when the moon is in it s apogee and the earfh m it’s 
pciihclion. It will be neaily as i 2, we will theiefore take ihcfe two latios 
for the limits of the latio of m n The great difference therefoie m -ihq, 
relults of the ratio of n tn fiom the obfervations at Bfiftdl and Si^Mido, 
cannot be recounted foi from the diffeience which may poffibly take places 
and theiefoie the method of Sir I Newton gives a conclufion whicb is fuLyeft 
to too great a degiee of maccuracy to be depended upon Fiom the agreement 
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conclulions found by M D Bernoulli with th-it deduced in Ait ’ 
we miy ijippofc the denCties of the fun and moon as i a§ ts bung 
ily vuy ncai the tiuth 

5 Hence, by computing the angle EOz^ or FOz, foi eveiy day from 
V or full, moon, wc might get the time of the h’gh tide when complied 
le palTage of the fun or moon ovei the meiidion , ind tlius, fiom thcoij 

condiudt a Table, lliowing the times of the high tides, if, as we Inie 
D fuppofed, the whole effeft of the fun and mocn upon the witeis took 
mraediitely upon the opeiation of the caufe, and that an equilibiiuin 
waters was the confequence But although the fun and moon c\cit 
reateft influence when they are in the meiidian yet they continue to 
le time aftei from which and the ineitia of thewatci, it hippena 
e high tide is not at that time, a Table therefoic coiiftiufted upon 
alone muft neceflaiily want to be coiiefted We flatU Iheiefbie 
the piinciples upon which M D Bernoulli Ins applied this 
on 

When the fun and moon aie in fyzygies l> it Biefl, it ippi-ais, fiom Fir 
an of a gieat numbei of obfervations, that the high tide happens it ^46 
, and when the fun is at 3 and the moon in quadiatuies at^, it happens 
.0', the difference is 5^ 12^ This diffeience was obfeived to be the 
Dunkuk, and at other poits, although the abfolute times were different 
C us confider what is the diffeience fiom thcoiy When the fun and 
le in fyzygies at the high tide is at ^ at that time, 01 at 12 o clock 
:be moon is m quadratuies at it is low tide on the earth at ^ now 
be euth is revolving about it s axis fo as to bring this point at ^ up to 
in^ the moon is got to J about ^ fiom £ and by out comput ition 
the point z of high tide is ibout ? beyond v , hcncc, the point on the 
h at low tide muft defciibe an aic Z>z of 95 bcfoic it be it the high 
Lich aic It defoiibes in 67 / 20 This inteival of the two tides Lheiefoie 
zoiy doe not agiee with obfeivation 1 ike the point F at zo befpic 
.uppole the mOonto b in F and the high title by theoiy to be at 
y CQiiuputation, this hlppens at ii// 2, lunai time Now let us like 
bcfoi£| and fuppofc the moon at F and the high tide at then, 
lutation, this is found lohippen at 3/; 59 J lunir time, which gives 
val of 4/1 <;7i lunar time, 01 8' folar time Ihis thciefoic igiccs 

i^ith the mtePval between the limes of the hij^h tides when the moon 
njuniftion and quadiatdics Hcncc, to get the tiue intcival of the 
'the*tides, we muft compute fiom out theoiy, by fuppohng the moon 
nd Us true pi tee, and then we Ihill get the tiue inicival, igrecing 

EE- with 
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with oblcrvation Hcikc, the following Tible was computed, the firft 
column of which flbows ihe moon s true diftance fiom the fun when the moon 
n-iffe the mciidian, for eveiy lo from conjundion to oppolition, the uctt 
tliicc columns fliow the times of the high La m lefpeft to the paflag^of the 
mopn ovei the meridian, for the peiigce, mean diftance ind apogee of tho 
moon, -ind the hft thiee ftiow the abfduLe hoius 
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A TABLE 

Fst finding the Time of the Higlh Tides 


Tiire of High Tide befoie md -ifter the 
p^^fldge of the moon over the meiidian 

C 


g of 5 MeanDifb € Apog of 4 


^8 after 22' after 27^' after 


9} after iij after 14 after 



True Time of the High Tiie 
nearly 


Pei of ^ Me Dif 2 Apo of j 


0'' 18' 


I 20 


9f befoie 


18 befoie 


z6 befoie 


33 before 


37J before 


befoie 


j3i befoie 


21 befoie 


21 aftei 







II j befoie 


22 befoie 


3i§ befoie 


40 before 


45 before 


46 J befoie 


4of before 


*.3 before 


2j, after 


405 after 


46 J aftci 


45, afiei 


14 beforc 


27 i befoie 


392 befoie 


50 befoie 


56 before 


58 befoie 


5oi before 


3 1 befoie 


2 54 


4 414 





26 after 31^ after 


18 alter 22 oftci 


3 1 after 


$oi after 


58 after 


36 aftei 


50 altei 


39i 


5 5 


6 19 


8 ? I 8 2 j 


HHHni 


3 


II 46 


0 

27i' 

0 

54 

1 

20 

I 

46 

2 

lai 

2 

4oJt 

3 

ro 

3 

44 

4 

22 

5 

■1 


9 

7 

-0 

0 


9 

3<^i 

10 1 iS 

10 

5^ 

11 

30 

11 

S 9 i 

0 

27J 
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1202 This Table gives the tiue interval of the tides, md alfo the time 
veiy neaily, upon fiippoiition thic the luminane aic in the ec^uatoi f^nd that 
the eficdt could take phce a fuppofed in the theoiy But from the incitn 
of thewatei, mid the obftiudtions it meets with in its piflage fiom locks, 
lijands, ftioies, &c this Table cannot exhibit thcabfolute time of the high 
tide at eveiy poit, which mufl. vaiy according to the efFcd. of thelc circum 
Hances although it Ihows the difleience of the times To dcteimine tlfeicfoie 
the true time it my pDit, we niuft find fi:om obfeivation what is the difleience 
between the tiue time and that fliown by the Table, and then, that difleicnce 
added to the time ftiown by the Table will give the time of the high tide 
Foi the fame obftacles remaining, there muft always be nearly the fime letai 
dations , the greater however the tides are, the lefs the ftme caufes will retard, 
and the le& they are the moie they will retard , and occoidingly it is found 
fiom obfenation, thit thehighcft tides always come fooner to then height, 
and the loweft latei, than the calculations give it, the above diffeience being 
dtlermined fiom obfeivations on the mean high tides The declination of 
the luminaiies, as it alters the qu'intity of the tides, and alfo then dncdtion, 
will caufe feme fmoll vaiiation of the difleiencc, and the different diiedi,oi of 
the winds muft have ilfo fome effedt 

1203 But befides the fniall vaiiation of difference anfing fiom the dcdi 
nation of the fun and moon foi the leafons in the hfl aitick the time will 
olio be altcicd fiom hence, that is bg is not the equitoi the 11 cs upon it 
will not be the mealuies of the horn ingle As the moon s oibiL makes but 
a fmill ingle with the ecliptic, wc may fuppoL them to coincide Hence, 
when the moon is in the equatoi , the air of the moons oibit included be 
tween two meiidians the concfponding aic of the equatoi 1 id cof 23 J , 

01 as 100 92, and when the dcchnatior is the gieateft, ihcfc aics aic os 

cof dec lad 01 os 90 100 Hence, the numbers m the fecond, tlmd, 

ind fourth columns muft in the former cafe be multiplied by ind m the 

lattei by Veiy neaily in the middle pou t between ihcle 4 i'uaiicflis the 

arcs will be equal ind foi any intcimedute points, wc may cofnputc the mul 
tipliei by the Note, Ait 128 

I'm 1204 Fiom the value of %v in Alt 1197 wc may compute the olhtude 

*44 of the lea at any time, and by Ait 1198 wc cm find the pqjnts jyherC the 
tide. IS higheft, and at 90° from thence it is loweft T hus we can find riie 
altitude ot the higheft ind loweft tides foi ill times, fuppofing (vs m Ait 
1201 ) the moon to be 20 behind it s true phce But this can only give the „ 
relative altitudes, the true altitudes varying \ery much in diffeient pub, from 

then 
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their fituation M D Bernoulli therefoie puts A -ind B for the mean 
height of the high tides when the lumin'mcs are in conjunflion 01 oppofition, 
ind when they aid* in quadratures, to be determined from obfeivation , the 
height of the tide being the afbent of the water fiom the low to the high tide 

A~\-B A^B 

Hence, n~m = B, theiefore « = , and putting 

thefe values for « and w, he Ins conflrufted the following Table, the fiift 
column' of which Ihows the diftances of the fun and mpon, at the time the 
moon p fles the meridian, and the othei thiee fhow the height of the high 
tides foi the perigee, mean diftance, and apogee of the moon * 
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A TABLE 

To slico the Height of the High Tidcf 


Dift 

Alt m perigee 

Alt at Meat! Dift 

Alt in Apogee 

o 

0 149A 

0,883/4-1 0,1175 

0,795/4 + 0,0825’ 

lO 

1,164^^+0,0385 

0 970/4+0,0305 

0,874/4-1 0,021 5 

ao 

1,138^ + 0,0005 

1,000/4-1 o,ooo 5 

0,901 / 4 +o,oooS 

30 

I 104^ + 0 0385 

0,970/4+0,0305 

0,874/4-1 0,02 1 5 

40 

0,993^+0,1495 

0,883/4-1 0,1175 

0,795/4 + 0,0825 

50 

0,833^ + 0,3195 

0 750/4+0,2505 

0,676/4-1 0 1765 

60 

0 , 668 ^^+ 0 , 52/5 

0,587/4 1 0,4135 

0,529/4 f 0,2905 

70 

0,4.60 J ho 7495 

0, -1.13/4 ho 5875 

0,327/4 ho 4125 

80 

0 2S4JA 0 9585 

0 250/4 1 0,7505 

0,225/4 ho 5275 

90 

o,ij3-<^+i 1275 

0 117/4+0,8835 

0,105/4 ho 62 i5 

100 

0,034^+1 2,85 

0 030/4+0,9705 

0,02 jA-\ 0,6825 

no ' 

o,ooo/^ 1 - 1 ) 2.775 

o,ooo/ 4 +i,ooo 5 

0,000/4 + 0 7035 

120 

0,034^4+1,2385 

0,030/4+0,9708 

0 027/4 + o, 6 ba 5 

IjO 

0,133^ 1 1,1275 

0,117/4+0 8835 

0 105/4-1 0,6218 

140 

0,284^ + 0,9585 

0 -50/4 ho, 7 505 

0 , 225/4 1 q. 5'’75 

150 

0 ^^60-^4 1-0,7495 

0 413/4+0 5075 

0,372/4 1 0 - 1.125 

160 

o, 668 j 4 40,5275 

0,587/4 ho 4I35 

0,529/4+0,2905’ 

170 

0,853/4+0 3195 

r 

0 750/4+0,2505 

f * ^ 

0 676/4+0 1 /65 

180 

0,995/4 ho 149S 

0 88^/4+0,1175 

p r 

0,795/4 f 0,0825 
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It IS manifeft fiom this Table, that the higheft tides are when the moon has , 
pafled conjunftion ao , oi about if days after, and the loweft tides when the 
monil has fo fawpoffed hei quodi itures 


1205 We come in the next place to confider the effed aiifing from the 
declination of the moon It appears by Art 1196 {hat the fall of the water 

fioj^ E to v~ — ^ X m, theiefoie at P it i3=w, hence, m - — x m 





w=the rife of the water from P to v, put theicfore f=the coline of the 


angle EOv to radius unity, and we have c w=the height of the water above 
the loweft point 

1206 Let GBAH be a meudian of the eaith poffing through the moon 
vertical to 5 , AG the axis of the earth, DMK the equator, and CEL any pa 
rallel to it, and aflume E any place , then will the diamelei BH be the axis of 
the Ipheroid which, as it diffeis but veiy little fiom a fpheie, may be legaidcd 
os fuch, fo fu as lefpedts the triangles on it s furfict Put thcicfore ndius= i, 
S = fine o^AB C = it s cofine, s = fine of f = it s cofine, y ~ cofine of the angle 
BAE, and j = cofine of then, by Sphei ical fiigonometiy q=^Ssy + Cc, 
therefore, by the hft Article, Ssy + Cc x OT=the height of the water above the 
loweft point Hence, we may confider the following cafes 


Fio 
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* I Let e be the point where the water is loweft , then ^jyd-Cf=o, hence 
y =3 — ^ the cofine of BA e 

II 'SVhtn£=s and f=S then^=-i therefore the angle = 

and confequently e coincides with L Hence, when the latitude of the place 
''=the complement of the moon s declination the low tide happens at L, diftant 
from the high tide at C twelve houis , in this cafe therefoie theie is only one 
high and one low tide in twenty four horns 

III When s IS left than-C 01 when die diftance of the place from the pole 
IS left than the moon 3 declination, then Siy-\-Cc x w ijcvei can become =0, 
within the hniits^if v Hence the altitude diminiChesfrom the paftage of the 
mpon ovci the meudian to the oppofite mciidian and conlcquently fiom the 
p"^allel whtifc c^ftmee from the pole = the moons declination to the pole, 
theie IS only one high andmne low tide in twe nty fou r lunar houis And if 

^ we make y = i , and _y = i , we haa e li s-\-Cc x ^ Cic S s xi? ^SsCttn 
foi the diflcrcnce of the alliuides of the two tides 

• Vox, II r I IV When 
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IV When the declination of the moon is ^-qual to the latitude of the place, 
S=s, C=se, and make y=i, hence, Ss + Cc=S -{ C = i , therefoie the 

Cc C 

greateft altitude = alfo (Cafe I ) = — =. =cof Bjie 

V When the moon is in the equatoi, S = i, C=o, and the dtitude of the 

tide e= j OT, which therefore vanes as the fquaie of the cofirfe of fatitude 
Hence, m this cafe, at the pole theie is no tide 

VI The height of the tide when the moon paflesthe meiidian = 4 j + 6i^<w, 
and when the moon is al the oppofite meiidian the height is 

Hencp when the mgon is m the cquitoi C=o, and the heiglitof both tides 
are equal To a place on the noith of the equitor, when the moon has louth 
declination, C becomes negative, and the lutei tides aie the gieateft, but 
when the moon has noith declination, C is pofitive, and tlie formei is the 
greateH Hence, to us in this cafe, the high tide is gieatei when the moon is 
above the horizon than when below In all cafes, e is nearer to oi fuithcr 

from C, according as ^ ^ is pofitive oi negative The difference of the 

two tides IS always = /^SsCcm 

VII The height of the two tides when the moon pafles the meridian being 
iis + Ci'xm and - Ax+Cf x m, the mean height is 5 *x +C c xm 

VIII Hence the fame noith and fouth declination of the moon give the 
fime moan altitude This is confiimed by obfervations 

IX In latitude 45 , S =C = J , hence the mean altitude = J x x +£ x m 
— \m, theicfore whatcaei be the declination of the moon, the mean altitude 
IS in this latitude always the fame Hence, m oui latitude the me in Utithdc 
Will vtiy but very little 

X Under the equitor, the mean heights 5* #«, which theicfore vaiies os tlic 

fquaie of the cofine of the moon s declination , 

laoy Asjihe tides life fiom the coUedling of the wateis on the whole fui 
face of the main fea i^" theie be any quantities of wat* fcpai ited fiom it, the 
It 10 variation muft be piopoitionally fmolki For if f be a fmoll fuifade of water 
14^ detached fiom the reft its furface will put on the figure vx finjilu to dt, 
confequently the vaiin,tion xr fiom the mean altitude muH be veiy fmall 
Hence, theie have ncvei been any tides obfuved in the Cafpian fea, foi from 
the dimenfions of that lea, the greateft altitude will not be abev^ i } inches .^at 
the eaftern and weftein extiemities, according torM de la Landl, v^ho has 
corrected an error made byM D Bernoulli m *us computation:, anebit 
IS mamfeft, that the middle of the fta will never be offefted Veiy fmall tides 
have been obferved in the Black fui, which, from it s conncttion with the 

Mei^itciiancan 
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MediteiiTneTn lea only by T\eiy Imill pifl ge, maybe conlidtied as a de , 
tached fed The Mediteriancan fea is connefted to the mom fea only by a 
nairoiV pillage t Gibriltoi, fo that only a fmall quantity of tide fiom the open 
fea can flow in, and the fea itfelf is not large enough to pioduce any very 
fcnfible tides , accoidingly we find the tides there to be but veij (mall The 
beft obleivatiohs are thofe which have been made by M le Chevalier d Ai^Jos 
at Toulon, fiom which it appeals tint the tides pioduce a vaiiation of about 
oneifoot in the height of the water There were ficquently greater variations, 
but thofe appealed to aiife fiom high winds 

1208 The general phaenomcna of the tides from oblcivation agree, very 
well tiVliii the conclufions deduced from the theory of gravitj indeed much 
moie accuiatcly than could hat e been expedled, when we confidei how many 
circumflances theie aie which take place, and which cannot be reduced to 
computation The theory fuppofes the whole (urface of the earth to be covered 
with deep wateis— ‘that theie is no mcilia of the waters — that the majoi axis 
of tl e fpheioid is conflantly diredted to the moon, and that theie is an equili 
biium of all the paits But the ineitia of the waters will make them continue 
to life after they have palTed the moon, although the adtion of the moon begins 
to decieafe, and they cOmc to their gfeatefl altitude in the open feas about 
three hours aftei, at which time there is not a general equilibiium, but the 
■waters rife and fell by a reciprocation , hence, the longeft axis is not diredled 
to the moon, noi is the figuie a peifedt fpheioid-n-The waters have not a fi:ee 
motion on account of the (hallow places, locks, iflands and continents, the 
force of cuirents and winds, alfo, as the waleis appioach the equatoi where 
the ^arth has a greater velocity about it s axis, they mud neceflarily be left 
behind and obftruft the legular motion of the watei when it moves from weft 
to caft, but oonfpiie with that fiom eaft to wed All thefe ciicumftances 
mull: vfFedt the meafuies of the phsenomena as deduced from theory , it may 
Iiowevei in many cafes give the relative meafuies without any great enor, fo 
that by accuiate obfervations once made on then abfolute quantity in fome one 
paiticulai cafe, the meafnres, m all othei cafes, may be afcertained to a con 
fideitble degiee of accuiacj,, 

1209 if a place communicate with two feas, 01 has two inlets to the fame 
* fea, two (ides may aiiive at that place at difierent times, and oroduce vaiious 

phsenomena An inftancc ol this kind takes place at Bat(ha, a poit in the 
km^dom of lunquin ifl the Eaft Indies in 20 50 noith latitude The day 
in wluch the ■moon paflesjhe gquatoi the water ftagnates, as the moon recedes 
from the equitor towaids the noith, the water begins to life and fell once a 
day and it is high water at the felting of the ipoon, and low water at it s 
rifing This daily tide increales foi fix or eight days, ■'and then diti cafes for 

• 1 r 2 
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the lime time by the fame degiecs and the motion ceafes when the moon ha 
returned to the equatoi When it has pafled the equatoi and approaches the 
fouth pole the water nfes and fills as bcfoie but it is now hi^gh watei at the 
nfing, ind low watei at the fetting of the moon Sii I Newto j thus accounts 
loi this phinnomenon Theie are two mlets to this port, one fiom the Chmefe 
oce^in between the continent and the Manillas, the othei fr6m the Indian 
ocean between the continent and Borneo , and he fuppofes that a tide may 
arrive at Batftia through one inlet, at the thud hour of the moon, and thrj/fugh 
the other inlet, fi-s Louis aftei and fuppofing thefe tides to Jse equal one 
flowing in whilfl: the other flows out the water muft ftagnate Now they aie 
equal when the moon is in the equator , but as the moon begins to decline on 
the lame lide of the equator with Batlha, the diurnal tides exceed the nodtuinil 
(i 3 appeals by the foregomg pnnciples) fo that two greater and two leflei tides 
muft ainve at Batlha by turns The difference of thefe will produce a motion 
of the water, which will rife to it s greateft height at the mean time between 
the two gieateft tides, and fill loweft at the mean time betweei the two loweft 
tides , fo that it wiU be high watei about the fixth houi at the fetting of the 
moon, and low water at it s iifing When tlie moon h vs got to the other fide 
of tlie equatoi, the nofturnal tide will exceed the diurnal and therefore the 
high watei wdl be at the nfing and low water at the fetting of the moon 
Thefe principles will account foi other extiaoidinoiy tides which are obfervedr 
m thofe places whofe lituation expofes them to fuch inegnlarities 
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‘ CHAP XXXIX 

ON THE peinciples of projection, and the construction ©r 

GEOGRAPHICAL MAPS 


Art IZIO ^HE projeaipn of an oB)edt is ifs reprpfentauon upon a 
X phne and is formed by drawing lines from the ej e to the 
plane through eveiy point of the objeft and according to diffeient fitu itions 
of the eye, the objed and the plane the leprefentations will be diffeient 
The piojedion m ordei to be peifeft, (hould be a peifed reprefentation of the 
obied that is the piopoition and lelative fituation of all the parts of the 
fipure flioiild be the fame os in the objed, but in the conftrudtion of 
oToaiaphicil maps this is not praflicable, it being impoffible to give a true 
ropiefenuiion of a fpherical fuiface upon a phne, retaining the true proportion 
of the figures, magnitudes and pofitions of the countries with the lelative 
degiees of hticude and longitude We will firft Ihow the piinciples of the 
different piojediofts, and then apply them to our prefent puipofe 


On the Orthographic Projection 


1 21 1 If the eye be fuppofed to be at an indefinitely gieat diftance, lo 
that all the lines drawn from it to the objeft m-ty be confideied as parallel, 
and olfo perpcndiculai to the plane of projedion, the piojedion is called 
Otthographtc 

1212 The figure of a ftraight line AB is a ftraight line m the projection 
For cli iw /I BD perpendicular lo ny the phne of the projedion, and jom 
ED, and it will leprefont the interfcdion of the plane palEng thiough EABD 
with the plane of projedion diaw mn perpendicular to ED, and « is the 
piojedion of m , thus it appears that ED is the projedion of AB Draw AC 
p'lr^Jlcl to ED, t,hcq JCDE is a parallelogram, aai AC = ED, AC may 
therefoie' lep'efent the projeawDn of AB Hence, if we want Lo make the le- 
prefentitioR upon a plane at a difrince from the body it will be aU the frroe if 
wc fuppofe the phne lo touch the body the puaUclifm of the plane remaining 

the fame ^ 
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ON THL PriNClPl-LS OT PROJECTION 

1213 The figuie of the piojodion of ifiicle is an ellipft Foi let / 4 BC 
be 1 fetniciicle conceived to be inclined to the plane of the pipei, whieh we 
will make the phne of piojedtion diiw BE pcipendicukr Ud that plane tnd 
ED, BD peipcnj^cular to the diameter AC, then ED is the piqjedtion of BD 
(1212) By the piopeity of the ciicle, AD x DC = BD but is the angle 
BDD IS conflant, being the iiidmation of the circle to the plvrfe ol piojedlion 
BD IS to DE in a conftant latio, namely, that of ladius to the cofine ef BDE, 
theiefoie I^E vaiies as BD, and confequently DE vanes as BD , hisnce, 
AD X DC vanes is DE*', which is the piopert} of an ellipfe jhe cuive AEC 
IS thptefoie an elhpfe And by the laft article it appeals, that the piojcdlion 
will be the fame, at whateva diftance the ciicle is fiom the plane ol pioiCelion 
Let O be the centei, and draw OF, 0 ^ peipendicular to AC, then 0 ^ is 
the minoi axis, hence, to the radius of the circle, the minoi axis is the 
cofine of the inclination of the cade to the plane oi projedion If the nicle 
be paiaUel to the plane of piojedtion, the piojedtion will be a cade eqml 
to It 

1214 By the pioperty of the elhpfe and circle, the ABC the aiei 
AEC BD ED rad cof BDE hence, the area of the cade will be 
diminilhed by this piojedtion in the latio of radius cofine of the inchniiion 
of the plane of the body to the plane of projedtion And this mufl; manilcfily 
be true whatever be tlic foitn of the body ABC (confideied as a plane), bcciul<p 
eveiy line m the body is to its conelponding line in the piojedtion in tint 
latio Alfo, the piojedtion is not fimilai to the body Hence, cquil puts 
upon the fuifacc of a fphere will not be projedted into paits cithei equil 01 
fimilai 

1215 If ABC be perpendicular to the plane of projedtion, E and D com 
cide, and D is the projedtion of B , thus the cade ABC is pro'cdtcd into it s 
diameter, the arc AB is piojedted into it s verled fine AD, and BP is piojedled 
into D 0 , which is equal to the fine of BP, 01 the cofine of AB If AB = 60 T 
then J 5 F = 3o , and AD=DO, thefe two aics theiefoie, one of which is 
double of the other, have their piojedtions equal This piojedtion is uftd in 
the conflrudhon of folai edipfes, Chap XXIII ^ 
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' On the Stereognphic PryeSiton 

1216 Let 341 eye be fituated my wheic upon the fuiface of a fphere, and 
flora It diaw a diimetei, and peipendicuhi to thus diametci diaw a gieat ciicle, 
then if 'll! the cucles in the hcmifpheie oppolite to the eye be projedled upon 
t];nt great circle by lines diawn to the eye, the piojedio 1 is called btereogi aphcy 
and the point ofipofite to the eye is called the Pole 

1217 Let E^R be a Ipheie whofe centei is 0 , E the place of the 
eye diaw the diaraetei EOP, and ^OR peipendiculai to it, repiefenting the 
plane of piojeftion, diaw ECA LDB and join BO Now DO is the pio 
jedtion of PB but DO is the tangent of the angle DEO = l BOP Hence 
the projeftion of an aic meafuied flora the pole is equal to the tangent of half 
that aic 

121S Conceive the choid AB to be the diametei of a ciiele de^tiibcd upon 
the fuiface, and let AEB lepicfent a cone having thit ciicle foi it s bile Diaw 
£<? paiallel to ^R then the aic LB=-EG thciefoie the angle EAB~EBG 
= (as BG lb pai Ulcl to EDC iheretoie as CD, Ah lepiefent two feftions 
of the cone cutting its fides at the fame angle, the fedlions muft be fimilai , 
but the feftion AB is a circle , therefbie the fedtion CD is a circle Hence, 
the projedtion of every circle is a ciicle 

1219 Join then BG being the diameter of a cade paiallel to the 
plane of piojedlion DH will be the diaraetei of the cade of projedLion, whole 
center is 0 Hence the piojedlion of all cades panllcl to the plane of pro 
jcdlion will be concentiie cades, theridii of which aie the tangents of half 
the diHances of the circles fiom the poles 

, a220 The projedlion of the aic is tne ftraight line 90 R, and the 
lame foi eveiy great cade polling thiough P 

122 1 Pioduee BO to I, join El and pioduee it to meet fjii produced 
tn K and bif dl DK in t then confideiing BOI is the diimeter of a cade 
whoU plane is inclined to thS plane of pro]edlion tn the angle ^^iOB, DK will 
be the dilmcfet of the piojedlion of that ciiele (1216) Now DK=rOh.-\ OD 
■=tan OFK-\ tan 0 £D = tan J P/ h ttn ^ PB — cot ^PB + tin {PB^ 

. Viv = a cofee PB ■= ^ fee thciefoie ■* DK=kc Tlencc, the 

tin vi ^ ’ 

rvhus of piojedlion of anj giiM cade is the lecont of ih tnglc betaken the 
pUnc of tlii); cade and thd jdinc of piojedion liim thefe feiuv aiiieleb iL 
appears, that the piojedlion of the paits of the Ipheie will not piopcily lepicfcnt 
jn magnitude and fituatidn, the pails thcmfdvis 

, 3222 If 
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12Z2 If E be the pole oi the eaith the meiidnns (is they pif thiou P) 
will be pLOjefted into fhuight lines (1220) and the piiilkl to ih Lquitti 
will be pro)cdted into elides wl ofe ccntpi is 0(1219) And if L(Jl lie thi. 
diameter of the ediptic, DK is it s piojcd ion (1221) This u tailed the Poh) 
piojeflion, and wi iifcd by ProECMi 

4 2? 3 Ifi^PjR be the equator, then the point on the 1 cie vciLieil to 
O will be the pole and BOI will be the diimetei of any mtiidiin And il 
^ be the point fiom winch the longitude is leckoncd , then the piojedtion ol 
ttie iidius of thit meiicTim will be the lecint of it s longitude (jl22i) 

i'aa4 To find the piojcftion of thepaiill Is of latitude, let EO^ itpiefenc 
the plane of tlie equator, the repiefentation being a fti light line ptfling thiough 
the eye, then JG is the diameter of a paiallel, the piojedbon of whieh is 
HK=OK-OH = tan iP/-tan iPG=cot iEI-Un i?G = cot ^ PG 
- tan i PG = 2 cot PG Hence, the ndius of the piojeftion of tin 
parallels is the cot of then latitudes This is called an Eqttatottal pio 
jedlion 

1225 The ftereographic piojeftion is very convenient for piadlice, as all 
the elides aie piojefted into ciicles 01 ftraight hnes, winch aie moie e ifilj 
deferibed than any othei figuies 


On MLkC noP^ PiojeSlion 

1226 Let P be the pole of the earth, fuppofed to be a Ipheie the 
equator, PL, PR two tneiidians, a fmall ciicle parallel to ER PC the 
ladius of the caith, mr, tir perpendicular to it, and join EC, RC Then 
mr, nr being paiallel to EC, RC lefpeftivcly the angle mrn — FCR, henct 
by fimilar fedors, ER mn EC mr, but when the angle is given the aic 
of a degree is m propoition to the ladius alfo the length of a degice of fli? 
great circle ER is equal to a degree of latitude, and the length of a degicc of 
the Clide inn is a degiee of longitude Hence a degiee of latitude a degiec 
of longitude EC mr lodius cofine of latitude 

1227 In this pio]«dion the fpheie is piojeded upon a plane and the 
meiidnns LP, PP aie piojeded into fliaight and paialld lines, confequtntly 
P in the pio]edion mufl be at in infinite diftance from EQ^ In this ci(e, 
die aic mn being the fime foi all latitudes the length of a degree of longuuA 
13 cveiy where thefvme, to prefeive theiefore j;he pioper propo**tion«'bt tween 
the dcgifcs of latitude tad longitude, the degrees of htitude mufl„incicife * 
jou go from the equator, fo that they may always bf to a degiee 6f lon^tutU 
in the piopoilion ol raeliu te fine of htitude 


lizB I (t 





on 


riiF pRiwcntEs oi piojechon 




lazS Let P be the pok, L the eqintoi PC^the avis of the earth, C the , Fig 

centei. a phcc on the luiface, draw mr peipendicuhr to and ^ 

Pnt L=>, Em=^'c, Cr (the fine of Em the latitude of and the 

k^th jof on the projeftion called the Meadiotnl Parts Then 


(i?a7) v/ > (^of of hi ) 


X x = 


but x=i 


hence, » 


- ri-y 



y/j —y’ V^> 

therefoie z = lxh I coi =f ; 


h 1 


'r+J 




+C01 But by plane Tiigonometij, v/^ 0”O ^+jy(>^) 

■ y 

=t X tangent of the angle rffiQ = cotan of 

, s„=co™ rfVc”-™™ °f 

^ ^ y 1,1 , , cotnn I comp ht 

+7 _ cotan i comp la confcqucntly k— rxh 1 - 

+cor^butwh=n . = 0 , cofvn Jcomp Ut Ihcirfmc the Uft cqutKon 

Becomes o=rxh 1 ; |coi=rxh 1 l+cor =o+coi coofcqucntly the 

. 1 B--txh 1 coteo jeomp ht j jeorap 

coiredtion=-o, hence, a — i x u i ^ 

Ur f X h 1 F the length of the mendion Em on the piojcdtion If theiefore 
« L W»de » t . e 3 * 9° w; can coetoft ' = mewng 

the length of the me.id.nn on the p.o,ea.on fo. eveiy degree of l.nlude In 
Ito mfnne. it nny be conftrnfted fo. eneiy minute Such n Table is caUed 

IZ2Q If aye take the caith of it s tiue figuie, that of a fphaoid, uc may 
compute the meridional paih upon th. fune pnncpks but wc Qiall not here 
\uc die inveftigation, os l^e only want to cxplun the natuie of ihi^pioicaion, 
fo hr as it miy be neceflaiy to fliow how the thiits uc conftrufted It we 
IT pCiii T Newtons ratio of the dianictci'. of the cuth for ijo Ivutudc 
Ac diBeienceSthe me..d.c«.nl pnt, on n fpha ind Iphucd will not be nbone 
Wh pnt of the whole It 1, mimfcd that thn p.ojeft.o.. ennnot yve 
th tmep.opo.uon of the parts of the ea.th. for the ,hgh.c ot the part £«» 
on rp.o.e&on would be a pa.allelog.am It n howe.c vc.y convenient fo. 
’ ' bteaufe the lombs aie U1 piojcded ...to ftiaight lines, for ihc 

the line which euts them all .t 

m^inua bf a ft.a.lht lure, which ., the piopcit, ol .he .umb 
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O'! rni co'TsrRircTio'N of maps 


On thi, Conjh nSliou of Map^ r 

?30 A map IS the iLpicfenlttion of the whole, oi pait of tfie furfnce of the 
eaith upon i plane ancf to be pcifedt it ought fif, to |how the tiu<p latitude 
and longitwle of evtiy place fecondly it ought to fliow all countne of**thcu 
piopei figures and magnitude tJntdh the relative fituations «f the cowntiie 
IhoUfJd be tiuly hid down Entail thefe ciicumftapces cannot take place m 
any confbiiflion as has bean alicady obfcived, confequently no map oipon 
a plane can be a true repi dentation of the countries upon the earths fui 
face 

ia3i A Rumb upon the globe is i line which cuts oil the meridians at the 
tiG fitne angle Let £^be the equatoi, P tnc pole, PE, PR two meiidians, 

253 'io.d. Asmv a rumb then the angle Psm = Pmv Diaw the fmall circle pin 

paiallel to E^, and conceive PE, PR to be indefinitely near each othei , 
then we may confidei the tiiangle smn to be a plane one, hence, sm sn 
lad cof nsm , but the angle itspi is conftant for the fame lumb theieforc 
sm SH in a conflint latio , that is, os the lu mb appioaches the pole, the in 
Clement of the lumb the coiiefponding increment of it’s latitude in a con* 
flam latio thcicfoie componendo the whole mcicofe of the lumb the 
whole coiiefponding lucieafc of latitude in the fame conflant ratio When 
therefore a Chip luns upon a rumb, and vanes it s latitude 5 for inftance, if it 
continue on the fame rumb and defenbe the fame fpacc, it will have altered 
Its latitude again 5 In general, equal paits of the fame lumb iie contained 
between equidiftant parallels of latitude 


fhe Orthographic ProjeSm of Maps 

Fig 1232 Let Fio 254 reprefent the orthographic projedion of tUte earth 
254 upon the plane of the meiidian, P p repiefcnting the poles, and E^ the 
eqantoi Then the meridians aie all piojcded into ellipfes (1213), whol^ 
femi minor axes 0 <j, Ob, Oc, Od aie the cofmes of the diftances^of -the 
mcudians fiom PEp^ and os the cofine of tloC mdidians near vaty- 

but vfiiy flowly, thofe meridians will be crowded together, and thejBgure* of 
the countries very much contrafted m longitude Ther paiallels of latitude 

being 
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being peipendiLuhi to the plane of projedlion, will (12.15) be piojefted into 
right lines in ^eu piopci propoition This is called a Meridional pio 
jedtion ^ 

1233 If the projcdtion be made upon the plane of the equatoi E^J Tig 
as in PiQ 255, the meiidiaas will be projedted into light lines (1215), ^and ^ 5 ? 

the poiallels of latitude into ciicles concentric with E§Uj 4 (12,13) 
thej,^ ciicles diminilning flowly neai the equator, will be there crowded toge 
jhei, and the figuies of the countiies will theie be /ery much contiadted in 
latitude The contraftion of the extreme paits of the map therefoie;,^ with 
the objeftions befoie ftated, lendci this piojeftion veiy unfit foi the confl-iudiou 
of maps This is called an Equatorial piojedion 


Stereogiaphic Ptq/eilton of Mapi 

1234 Let PEp%hei a meiidian upon which the projcdlion is to be made 

P, p, the poles, the equatoi, and E the point from which the longitude 256 
n? leckoned Now the meridians oie piojcded into cades, the ladii of which 
aie the fecants of their diftances fiom PEp (1221) Suppofe therdbie it weic 
lequiied to defcribe the mendian whofe longitude is 60 Now confideimg 
the ladius PO as unity, the fecant of 60 is 2 , with an extent of compafs 
theiefoie equal to a, fet one foot in P, and extend the othei to (pioduced 
in this cafe), and with that point a a center d^fciibe the cade Pdp and it 
will be the true projedion of that meiidnn And thus oil the lequued men 
dians may be drawn 

1235 To defciibe the circles of latitude then ladii will be the cotangents 

the latitude (1224) Let it theicfore be required to deluibe the paiilkl 

of 60 Take Ea=s 6 o , and with an extent of compafs = 0,57; the coiangcnt 
of 60 , fet one foot in a and extend the othei to Pp (produced), and with 
that point as a centei defciibe the ciiclc acb, and it will be tlie piojedion of 
tint parallel In like manner mtj the othei puallds be diawn, as many is 
may be lequtied 

1236 Hiving Sid down the meiidian ind piialkls of latitude foi this half 
of die eaith, di iw anotlsci equal cuck BQCU touching the toimcr at and 
upo’h tlijt d^/tiibT the meiidiins and paiollds ot luitudc in like monnci ind 
die pio)ci5lion of ihecaith will be dual d into latitude and longitude, then 

, di iw the countiit , hjing clown the places accoiding to the 1 icfp^divc latitudes 
nd longitudes and tiie m ip will be conipkatcd 1 his is c ilkd a ilAi rr/ 

’ I t _ piojCiStiun , 



ON nu CONSTRtCriOV 01 MMS 

projedion ^iid is the method commonly mxdc ufe of m the conftiuAion of 
maps 

Fic 1237 If the eye be at the pole P the piojedlion 1 made upon the equatoi 

^57 ESUA ) md heie all the meridians ne piojeded into ftiaight lines (i 22-) 
the phnes of the mciidnns being all pciptndicuhr to the plane of piojedlion, 
and the paiollels of latiipdf aie projeded into ciicles (izip) the Aadii of 
which aie i!*e tangents of htlf the didances of the paiaUels fiom the pole 
This IS called an Equnloual piojcdion The lumb line nb in J,hi piojtydion 
IS ma<aifcftly the log&nthmic fpual as it is olfo m the equatoiivl oithogiaphic 

piojedion 

1238 To moke i piojcdion upon the hoiizon of any placf , ilie eye is fop 
pofed to be oppofite to tint place In this cofc, the pole 1 pio)edcel within 
I'lc the ciicle of piojedion, and it s diftonce OP fiom the ccntei 0 is equal to the 

258 tangent of half the compliment of latitude (1217) The meiidians aic di awn 

by Art 1221 This projedion is called Horizontal, and is lepi dented 111 

Fig 758 

1239 Theie is anothei ineiidionol piojedion called Clobttlar, which diflers 
from the above only in its phcing the maidians in the piojedion at equal 
diflances liom cieh other which comes ncaiei to the mtuit ol the globe, 
and map aic fieqiiently thus confliudcd 


t 

On MlrcatoRs ProjLSm oj Maps 


W40 This piojedlion is of gicat ufe in navigation, on account of it 
bein' conftiuded by light lines only and no otheis aienccelliiy in it’* 
ufe The moft convenient V ay foi a (hip in going from one pi ice to aiiolhci 
IS alwiys to fail upon one point of the compals, or upon the lime utmb 
{ 1 2 j I ) and by means of this projedion you c an^dctci mine imincdi ilcly jvh it 
Fig rumb you aie to lail upon Foi let Fio 2_59 repiclent a piiiij,! map of 

259 this confliudion , AB lepicfrnting 4 of longitude, and AL pcipeiidicuhi to 

It 4 of latitude, the foiinei dogiecs aie equal, and the Ititlei aic mcicaling 
(1227), and ore to be lud down by a Table of nyndional puts (12*8), 
Snppole a lliip wants to go from a in longitude 7 in(narttud^3i ^ io^xn 
longUude 10 and latitude j, and it is lequiicd to find the lumb it inuft 
lul upon Jom ab and tbit is the ruuhb (1229) Now to dotcvmmc whit 

rumb this is, these is always in thefe maps, one or moje pomt from which ^ 

■;io 
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nro drawn thiitj two ftmght lines lepiefenting the thirty two points of the ^ 
compafs and jou raty calily difcovei to which of thefe lines, or neaieft to 
which, ab IS puMlel and thus you get the point of the compafs jou aie to 
fail upon For this puipofe, a parallel rulei may be very ufehil laying one 
edge to coincide with ab^ ind bunging the othei edge over the point fiom 
winch the lines of the compais are diawn * 


1 ] 
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CHAP XI 


ON THE USE or INTERPOLATIONS IN ASIRONOMY 

Art .211 TF -.ay qainuqr ,a.y -...d .t value at cc.t..a-n.u,mU »f nmo 

Ibe inown. it is the bufinefa of mteipoluiou to find it s value 

ol the quantity coiterponding, then may y be repiefented bjA+Bx^l^ x < 
otm^uamiiy ^ for ,f we lake r teims, and Cor t wiltc 

x V— 1 +D X It X 'v I X T n -j A fee the r* differences ol 

anv cauidiflant fet of numbeis, as o, i, 2, 3, 4> 
fhl leCulta 0 . of the values of y, wiU become equal to nothing 

Foi take two terms A+Bt, and foi V write o, 2, 3. 4 . &>■ ™ *> 
have thefe rcfults, 


A 

A+B 
A 4 * 2 S 
A + iB 

The fiift differences of which aie B, and the fecond differences — o 

nkc tlnoe tetms, if+Ba + Cx t x" . , and *t a wnte o, l. 2. 3, 4, 
i, c ind we hive thefe refults» 

A 

A-^B ^ 

A+iB + iC , , " 

A-r$B'\-6C • •* ^ 

A I- 4 B + 12 C 


'Jhe 



’ ON TIIB rSE OF INTERPOLATIONS IN ASTRONOMT 
The firfl. diflfeiences of which -ire, 

B 

B‘\'zC 

5+4C 

5 + 6 C? 

% 

T 1 e ftcond ^iflren,nces aie iC, ind the thud differences = 0 
Thusif ippeaiSj that the lafl differences will alwajs become = 0 


1242 In geneial theiefoie, kt the fucceffive values of_y be a, r, &c 
and let it be required to find the coefficients A, B, C, &c Fitft, take the 
fucceffive diffeiences thus, 


^ L d 81.C 

h-a, c-b, d-c, 8fC 
d—zc-^bf &c 
&c 

&c 8tc 


4i.nd put P = b-ay 2^+0, R^d- 2,c+^b - a, &c Now for ;r 

write o I 2, 3, 4, &c and the fucceffive coirefpopding values of y being 
Oy b, Cy d &c wc have tlie following equations, a= A, b=A+By C=A+iB-^ 


c-A-iB 


&c 


+ ^5 + 6 C+ 6Z), &c Hence A = OyB=b— a~P,C=i 

_ c-zb \-a ^ d-A~jB-. 6 C _ d-^c+^b^a R 

2 « 6 z ^ 

therefore y = fl+Pv+ ^ x ^ 

law of continuation is manifeft ^ Hence, if a b,c, d &c be the values of a 
vaiiable qiuntviy t iken at any fucceffive equal intei vals of time^ beginning at any 
ihflant and if inch be their law that their lafl: differences always become = 0, 
we fhall get it any inteimcdute tune the accuiate value of that quantitj, be 
caufe^thvn all it intermediate values follow tlie fime hw as the vtlues of) 
fiom the eqtTatioi^, but if the differences tlo not at lafl; become accuritely=o 
wo fl'^ll then get only an appioxiniate value becaufe then the inteimedittfi 
values do not follow leeuiatcly the fame law wheieas the values of y found 
^from our equation nuifl always follow the fame Itw, and theiefoie the \alue of 
yy will l)e only an approuniation totl c value of the quiiititj it inj intciraediate 



ON THE USE or INTERl OLATION9 IN ASlIOHOMk 

time between tliofe at whidi ;> was aflumed accurately cqiul to it. the ap 
pioximation howevei wiU be fufliciently accurate foi all^piaaical puipofts 
provided the difFeiences become at laft very fmill which 4s the cafe in the 
application of thi luk to inteipohtions in Aaronomy The ufe rf intcipo 
iTuons IS theiefoic to deteimine the place of a bod) oi the vMue of a quantity, 
at any time fiom knowing the place or value at thiee oi four times neu to 

But bcfidcs the ufc of the above equation to hnd ihc value ol any 
term of a feiies /lom its pofition being given, the convene is olten required 
that IS, having given any teim to find its pofition oi ^lamcc fioin the fiifl 
tLii In this cafe, we have the value of j given to find a, which will be 
determined from the folution of the equauon which wiU life m it f. dimenfions 
•Vi. It may be neceflaiy to incieafe the number of teims, and this depends upon 
how many orders of diffeiences you mufi take before they become equal to 

nothing 


Example I On Maich, 178^, the fun s declination at noon at Giccnwich, 
bv the Nautical Ephemciis was as follows on the 19th N 28 41' = 1721 

la ontheaothN 5 = = , on the 21ft S - 18 41 

to find the time of the equinox 

The value of c is heie wiitten negative, becaufc the declination haspaflcdi 
thiough 0 Hence, we pioceed thus. 


1721, 300, -1121, 

-1421, -1421 


Heie4 = i72i, ^=-1421, hence, 1721 - 1421 x ' > now when the* fun 
comes to the eqintoi, the decimation becomes = 0, thcicfoie 1721 - 14 i 

xar-o, and 5/^ S 3 the time fiom tlie 19th, htncL, 

~oc/ 5// 3 j 3 IS the time lequiied 

If at any place we obfeive the funs declination foi thiee or foui days 
at the equinox by the afiionomical quadiant, vfb may thus detcin uw tl"c 
time at that place when the fun comes tq thg equatoi, owthowt ihe Lphe 

mens 


Lx/impt I 
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Example II To find the time, fiom the Nnutical Almanac, when the, 
fun entered the tiopic in June, 1783 

The fun ent^s the tiopic when it s longitude is three figns Here y lepie 
fents the longitude , let Ub therefoie take thiee longitudes the neaieft to tin- 
time, which in this cafe will be a fufficient number Now on the 20th day 
the longitude IS 2 28 5^' /, on the zifl it is 2 29 52' 21' and on the 
22d It's 3 o 49' 34', but it will rendei the opefTtion a httle jtnoie fimple, 
th'ft 13 , the numbeis will be fmaller, if we take from each two figns, in which 
cafe It IS manilfeft that y begms at the beginning of the thud fign, and confe 
quendy when^ becomes equal to one fign the fun entcis tne tiopic Theiefoie 
55' 7 '=104107 '=<2, 29 52 21 '= 107541"= I o 49' 34' = 

110974"=^, hence, 

104107, 107541, H0974, 

3434. 3433. 

I 

IIeieP = 3434, and^=i, which being foveiyfmall compaied with P, we 
may omit it, confequenlly _)>= 104107 + 3434»?, but at the tiopic, = i fign 

= 108000", hence, 108000=^04107 + 3434111, theiefoie iv = =. 

id 3/5 12' 28" the time firom the 20th day, and theiefoie the fun enteis the 
' tiopic the 21 3^ 12' 28" 


Example III Given five places of a Comet os follows, on November 5, 
at 8/5 17' in Cancel 2 3o'=i5o'=fl on the 6th at 87 ; 17 in 4® 7'=247'=A, 
on the 7lh at 8A 17 in 6 20 =j8o'=tf, on the 8th at 8/5 17' in 9 io'= 
550 =.d, on the 9th at 87 / 17' in la 4o'=76o =^, to find it s place on the 
7th at 1+5 17' 

Fiift, fubtroft 5fi? 8^ i^'{\om.^d 14A 1 7' and therii remains 2/7 67 / =2,25 
for the inteival of time between the fiift obfeivation and the given time at 
which the place is required , this theiefoie is the value of x to which we want 
to find die coirelponding value of y , hence, 

^ t5o, 247, 38b, ^'550, 760, 

, ^ ' 97. ^ 33 . 170. 

1 '* 36, 37. 40. 

, I. 3 . 

2 

II H B 


I 

Here 




ON THL irsr or tMLRPOAATIONS IN A 3 TRONOMI 


Ilcie P-9/, ^-36, i^-i S = ^ hence ; = 150 + 97 x 2 + — x 2,25 

X 1 2j+— X 2 X i,25y 2 S + -^'< 2 25X 1 25X ,2j X - 7^ = 418,96 
O 3 r 

-6 j8' 57' the phee requiied 

Lxamplf TV In QtTiob 1 1788 the Moons decimation at noon at 

Gicenwif h mpetrs trom the Niutical Alminac, to have been is follows^ on 
the 9th S 12 '1.2 =76*. —rt on the loth S 8 44' = 52i.=ir ontheiith 

S 4 24— 264=^,. on the 12th N — o 10— d on tin. 13th N —4 49 
=r - .^89 = 5, to hnd the declination on the lolh at 6// 30 

lirft, id bh ^ 15 the interval of time from th^ 9ih to the ^jivcn 

time 01 the value of x and the values of y aie the declinitions thofe being 
wiitteii negative which are noith, the declination having ptQed thiough 0, 
hi nee. 


762, i;24 264, -10, -289, 

-23S, -260, —274, “2,79> 

22, i 4 > 5 » 

-8 -9 


Here P— - 238 ^=-22, P = - 8, 5 = -i, confeqnently y=:^bi-%^Z x ~ 


. 22 61 13 8 

+ — X— , x-r 

z 40 /^a - 3 

8, 


61 13 


0 4 


61 

P 


X — - V ^ V — -ir 

^ it ^ n 


48 '' 48 


w 

^ ’ but the teims oftei the thiee firft aic fo ffnill thit they mty be ne^'' 

48 

lefted, and thef^fore the ftcond differences are fuflicicnt foi om purpofe, 
hence, y=^'j 43 i the declination required 


Exampli V Tbe Moons longitude at nooii at Grt^cnwIch in September, 
1788, was os follows, on the i6th o' 5 9^ 12'= j8552'=fl, on the i^tli 
o 17 47 26 =64046"=^ on the i8ih 1 o 36' 12'= 110172'=^ ^ dli 
the 19th I 13" 36' i"=i5696i ^d, to find it’s longitudor on *'he 17th 
at bk 


1 

Hfte 
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Hue x=iid 6/; = x 2 5 the lutervil bU^ecn the firft gixen time ind the , 
time It which the longitidc is requned, hence, 

18/552, 64046, 110172, 156961, 

45494 461^6 46789 

632, 663 , 

31 

Heie f*=45494 ^=632, R = ^i but it will be fufScieiit here to go only to 
the fecond ditferences, as the value of the third would pioduce an t fleet only 

6 2t 

of one* fecond, hence y=i85524-4549'tx i 25 + ~ x 1,25 x ,25 = 75518 
= 20 58' j8 the longitude at the given time 

Example VI In June 1740 the phcc oiMticury in it oibit at noon 
was found fioni obfeivation to hue been on the i4ih in Aiics 2 4 ,0 = 

7470 =a on the 15th in 7 7 7^=25627 =6, on die 1 6th in 12 19' 30" 

= 44370=1: on the 1 7th in 1 7 41 44-^=63704' = a?, to hnd it s place on 
tlie 1 15th at 6 /i I 

Here x-=id =11,25 the inteival between the fii ft given time and that 
at which the place is requued , hence, 

7470 25627, 44370* 63704, 

18157 18743, 19334 

586, 591, 

S 

Therefoie ^ = 7470-^-18157x1 25 + ^ X 1,25 y ,-’5 = 8 26 54' the pUci 

requued omitting the eonfideiation oi the lift diffcience w it would not 

affedt the conclulion ►; of a fecond 
’ ■* 

1244 Beeiufe y repiefents the velocity with which y incieifes or decicale , 
thciefore to determine that velocity, take the fluxion of both fides of the 
eqmtion jind you will ^cL the iclation between y and x Hence if we fub 
fbtute £91 X ^ny IntAv d of time we fliall get the qu intity by which y would 
l 3 e incrcafed in that time with the velocity continued unifoim 

♦ \ 
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ON THE TTSE OF INTEF POL ATIONS IN ASPRONOMl 

Example Suppofe it weie requued to find, fiom the hfl. Eximple, tlie 
velocity of Metcwy on the 1 5th at 6/4 

Heie y=747o hi8i^7 x ¥ + 293 x v x v- i = 7470 + 17864 x vH 293 x a. , 
hence, _y= 17864 x JC+^Sfi x xx , now let us fuppofe x= i, which infwcis to 
24 horns, and then v- 17864+586 = 18450 = 5 7' 30' the atlgle tli-tt would 
hive been defciiLcd by Meicury in 24 hours with the velocity at the giicn 
time Thvs we mnfl pioceed in all othei cafes to find die velocity with wjhiich 
y incieafes 01 deaeilcs ^ 

r 

1245 When y becomes a maximum or a minimum it s laiiition ji*- then 
infinitely lefs than that of v, foi it s fluxion is then equal to nothing Now 
os oui equation only gives in appioximate relation between the quantities ic 
quired any Imall variation of the law of the quantity to bt, intcipolated from 
the law given by the equation will in this cafe, pioduce a confideiablc vaiii 
tion m the value of x, 01 of the time When theiefore the quantity to be 
interpolated becomes a maximum or a minimum, 01 neai to it, wc cannot 
depend upon our equation for giving the time with fufficient accuiacy Foi 
example, if wc take three declinations of the fun neai the folftice, and find the 
\alue of y and make iL fluxion equal to nothing, we cannot be ceitain that 
we fhall get the time of the folflice fiifficiently accuiate ^cnce the lule given, 
by Dr Hal let foi determining the time of the folfltce, fiom dclciibing a 
paiabola thiough thiee points, cannot be depended upon and other authors 
fince his time have fiUen into the fime mifiake If between any two value 
of X, y has changed it s fign, it has pofled through a maximum 01 a minimum, 
according os it s fign was fufl, pofitive or negative Or the lime will happen 
when die fiift diffeicnces fiifl. incieofe and then decieafe, or decicafc and then 
incieafe 

1246 It has been hidierto fuppofed, that the quantities to be interpolated 
were taken at equal inteivals of time , but as it frequently happens that obfei 
vations cannot be tiken at equal inteivals, we lhall inveftigite a rule foi i ntci 
polations in this cafe Ijtt y^A-\-Bx-\-C x x y x—p + D x x a x—pxx q 
+£x xxx—px x—xixx-r^ &c Now when x = Oip,q r, j, &c let the 
correlponding values xjf ^ be a t, c, d, e, &c hence, a^A , b=A-\‘ Bp , 
c ^A-yBq+Cxqxq-p, d=A+Bi + Cxrxr'‘-p+D xrx r-pxr^gy 
e -A-\-B X s+ C X s X s-p + D X s X s ~ px E X rx s-pxs-^x f-ry 

h — a ^ c — a — Bq d—a — Br—Cxrxr — f 

&c hence, A^ay Bb: — — , C? — ^ j ' » 

p qxq-B *xr-pyr^q- 
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_ e-a^Bs- C X s xs- p Dxsxs-pxs^q , , i>-a 

£= — — jL=z^ - i i , &c hence, y-a+ 

s X s-px s~ qx s — r P 

c a—Bf d-O’-Br—Cxrxt - p 

X V + xaxft-p h — xxxx-pxx-q + 

qxq-p ^ rxr—pxt-q ^ * 

e-a-Bs-CxsxJ^-PxsxT^xr^ 

sxs-pxs-^qxs-r 


X v-pXit-qxx-r + SPi. 


Example ^Let the place of a Planet at midnight be as follows, on, 
Novembei 8, in Leo lo 14' 6 "=^ 6 S^ 6 "=a, on the 9th in 10 28' 15" 
= ~b , on the iith m ii 4' 10' =39850'' j=f, on the 14th in 

12 2 =43,20'=^/, to find Its phce on the iith of Novembei, at the 6th 
houi 


^4S 


Here /-=i, J = 3> >‘ = 6 





r c-a-Bq 
qxq-p 


3004-2547 _ 


= 76 


6 ’ 


_ d-a-Br-Cxrxr- p _ 6474 -'5094— 2285 
rxr - pxi-^q 9 ° 


= - lo-T, hence,jy=36846 + 849x 3J + 76j x 3^ x 2j- io-f x 3f x 24 x i 
= 40 1 44 ' = 1 1 9' 4" the pi ice 1 equired 


Thefe examples and obfeivations may be fufilcient to fliow the ufe and 
extent of the dodtnne of mterpolations in Aftronomy As the lules, undei 
the reftiidtions here pointed out, feive foi the mteipohuons of all quantities 
undes like circumHances in lefpedt to their diflFeicnces, the reader can never be 
at a lofs to know when they aie applicable 


1247 The feiies y=A-\ 5j^+Cx^fXJf-i+DxvxJf-ixA-2 + &c 
IS of the fime kind os this, y=P + ^x + i?a*+ Jx*+&c for by oduolly 
multiplying the fuflors, and collefting the coefficients of the like poweis of 
V, and putting P = A thS abfolute teim, P, S &c =thelumof all the 
coefficients of v, « , *’ &c tVe foimer feiies becomes y=P + ^M + Rx +Sx* 
+ &c This we may confider as in equation to a parabolic cuive whofe 
abfciffa IS PW=x, and oidinate WH=y The interpolation theiefoie of the 
termg of this feiics is the fame os the inteipolation of an oidmatc of this cuive, 
having givdh any lyinjaer of ordinates If two ordinates b? given, we aflume 
y^P^ ^ tHe equation being a flioighl line paffing through the extiemities , 
if thrjje ordinates be given, we ofiTume = and if theie be n 

oidinates given, we aflume ^ = P + + Rj(* + &c to « terms , becaufe we then 

have « given values of ^ and « correfpondmg given values oix, by fubftituting 
• therefoie 
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therefoie m the cquition fucceffivcly the ccniefpoiiding vilucs of } incl x wc 
get tt equations ind i unknown quaniitics P) ^ R fioni whence theL 
quantities miy be found Thus ve nny defciibe a pai ibt>lic cuiv piffia 
thiough « given points, that is, we can find ibc equation of*the euive which 
fliUl pafs thiough thof^, points 

f248 To find the aieaof this cuive we have yx = Px |-Q,vv | R\ x p 
Sx*x p&c whofe fluent IS P a + £ Pft^c —the in i 

Let tlielhteivals of j.he ordinates AP LR Z)S, 8i,c be unitj that is 

leta; = o, r, 2 j 4, &c -nd the coiiefponding oidmates be r d, ^ 6,(,l 
T hen horn tlie eqitation ^ = P + ^'‘ + PA' H 5 a.*H &t if we til e v- 1, there 
aie two oidmates AP, and we take two feinis if wc take a - » Ihue 

are three oidmates ^P, 5 ^, CP, and we tike three tei ms &c Hence we 

have the following cafes 

Casl I Foi two ordinates 

Here a:=i, a = P, ^ = P + ^^, thciefore ^=-b—a, and the aitay/P^P 

=ia+ib 

Case II Foi t/iree ordinates 

Heie x='>, and a=P 

^=P+^+P 

£=P + z§i-{ /\R 


therefore h-^a = R 

r-h=^+^R 

hence, c-zb+a=zR 

and ^c— b + ia = R 

confequently b — a-R= - ^ a+? b—^c 


Hence, the area APRC = za+i><. - ^a-\ 2^-4c/<4 + 5 x 1 Jdx 8 

This IS the cafe in Alt 1142 
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Case III Foi four ordinates 

Here t = j and = P 

' R 1-5 

C—P f- 2^-j-4-K “t” 8 5 
fi^--P + 3^+9-^ + 2'75 

therefoie 3- «= ^-[-22-1-5 ^ 

t-^=^+ 3 i 2 -| 55 
d—c — ^-\’^R-\- 1 p 5 


hence, c—ib + a = zR + SS 

d- 2c-^b = Q.R-\-i%S 

theiefoie d— '^t-\-'^b — a = (iS 
and S=- ^a-{-ib-ic V^d 
hence, R = ^c—b + ia—^S=ia—^b-\-^c~\d 
Qj=b- a—R- S= - f a + 2^- * jd 


Theiefoie the aiea JPSD ~ ga + —ii a + ^b~ ^ c + ^d x 9-I x 

2 C-idx 27-1-1 X - + Bi:^\a+lbJr\c+ ^d 

Thus vie may proceed for any number of ordinates 



CHAP 




[ ^42 ] 


CHAP XLI 

THE HISTORY OF ASTRONOM'i 


Alt 1249 T^IIE ippircnt motions of the heavenly bodies are the moH. 

obvious phjenomcm. in natuie and as 1 knowledge of the 
return of the feafons muft always have been neceflary foi the hufbandman, the 
couife of the fun pvobably engaged the attention of minkind in the ciily ages 
of the world The appearance and difappeaionce of the moon alio at ILitecl 
times, and the utility attending a knowledge of thefe circumftances, would 
neceffaiily excite an enquiiy into the motions of that body Attention to 
thefe things would lead to the inveftigation of the motions of the othei bodies 
in the heavens Accoidin^y, we find it lecoided, that the fcicnce ofAflio 
nomy was cultivated by the imraediile defeendents of Adam , foi Josn iius 
infoims ns that the fons of Seth employed thcmfelves in the ftudy of Aflio 
nomy and thi they wiote their obfervations upon two pillais, one of buck 
and the othei of Hone, to piefeive them againft the deHiudtion which Adav 
had foretold fliould come upon the eaith He Ufo lelates, tint Alraham 
aigucd “ the unity and powei of God fiom the oidcily couife of things both 
at fea and land, in then limes and feafons, and fiom his obfervations upon the 
motions and influences of the fun, moon and Hais , and that he read Ic^luies 
in Aftionomy and irithmetic to the Lgyptians, which they undeiftood nothing 
of, till Abraham brought them fiom Chaldea to Egypt, and fiom thence 
they paffed to the Greeks ’ Berosus alfo obfeives, “ that Abraham was 
a great and juft man, and famous foi his celeftial obfeivitions, the makiri^ 
of which, thefe fages thought fo neceflaiy to the human welfare, that they 
affign it as the principal ciufe of the Almighty s p‘olonging the life of man 
For the fame luthoi giving an account of the ],ongevity of the miediluvi ins, 
fajs, “ that Piovidence found it neceflaiy foi the ftudy and adva iccment of 
virtue, and for the iqrpiovemcnt of Geomi-ny and Aftronomy, Winch lequiied 
at leaft fix hundred yens foi miking and perfedting obfervations T. he few 
accounts however which we have of thefe matters be^iie the flood, an|l (he 
litdc dependence to be put upon them, will jufiafy our faying on^ thng ftirtlier 
upon the progiefs which might have been made m Aftionomy at that time 
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On th Aft}o}omy of the rgyptuns and Clulcli-ans 
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12^0 Bcfoit, the reign of Ps 4.MMLT1CHUS oi 680 A C the Egyptians 
accoidin^ lO Heroooitts, thought theoileJses to have been the hill inh^bi 
tant of the eaitfa, and it wis only trom the time of this prince that the Giecl s 
h'td ^ny regular accounts of tne afFiiis of Egypt It is theiefore^o wondei 
'Vi'it the Egyptians endeavouied to impole upon thetfl fidtitious accounts of 
their moie eirly ages, fai before the creation accoidmg to the account of 
Mober^ The ambiguity of the woid Tear veiy well piomoted then views 
tnhich, though at that time it ufuolly fignified the ippoient annual levolutiou 
of the fun, yet oiigmally it meant a revolution in geneial and was ufed fot 
that of the moon foi PLUxARrH lays the Egyptian yeai was a month, 
he adds howevei, “ afteiwaids it confifted of foui months ’ And Ci nsorinus 
fays ‘ ct in Egypto, quidcm, antiquiffimum feiunt tnnum bimefl.icin fulfil , 
poftdcindc lb Isojie Rcge quadiimefiiem fidum, no\iffimc Arminon ad 
tiedccim menfes et dies quinque peiduxifle At whtt diftind times thefc 
leveiol changes in the length of the yeai weie made, would be an cnquiiy not 
tooui picfent purpoie, the Egyptians howetei, to impofe upon the Gieeks, 
lyould undoubtedly take the fhoiteH time foi the jeoi that of a month And 
this muft alfo render the heathen chronology fubjedl to great unceitainty 
1251 The Eg3^puans appear to have ftudied Aftionomy very caily, but 
the mcafure of then year being foi a confidei tble time fubjed to very different 
lengths, caufed great confufion in their chronology The Thebans, who pafled 
into Egypt, aie fuppofed to have been the fiift who culnvated Aftronomy theie 
They eftablifiied t yeai of 360 days but it was foon found neceflary to add 
five days moie They feem to hive founded their obfcivations upon the he- 
l*acal rifing of Strm, for obfuving the interval between two days in which 
Sinus thus rofe, they determined the length of the yeoi But it was afteiwaids 
difcovcied that by making the yen to confift of 36 1[ dvys. Sinus roC latct 
eveiy year by fix hoiiis They then mode the yeai to conlill of 3 ^ 5 i days 
The ycai Iviwever, fo far as Jcgaidcd then religious ceiemonies, ftill confifted 
of 365 days Miking thcicfoie thefe two yean, to begin tbgcther, they would 
not coincide again till oftei four times 363 years, 01 1460 years This wis 
cM t\iG Sothiacal peiied Mi E Barnard fays, that the Egyptians dif 
coveied that the flaifi had an annual motion of 30^^ 9 45 ^ year (Phtl 

^lanf N 138) Accoidmg to Macrobius, the Egyptians made the planets 
reVolCe about the fun in the fime order i we do , but it does not appear at 
^ what time the planets weie difcovcied He olfo lays, that they divided the 
yoL II 1 1 
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zodiic in the fimc mannei “is the Chaldeans did, and fixed the commencement 
at the hifl: degiee of Aries Diodorus Siculus fays that the Egyptians 
dilco\cied that the phnets hid fomctimes a diicdt ind fbmetimes a letcogiade 
motion, and thitthc) weie fometimes flitionaiy He olfo ofleits, that they 
made tlK fun move in a circle inclined to the eqmtoi, and in a diicdiion con 
liny to the dim ml motion The idea of dedicating the fewen days of the 
week to the planets is olfo afenbed to them Diocents Laertius, fiom 
MANErn-* fijs, that the Egyptuns believed the caith to be fpliciical, and 
that the moon wis cchfifcd by falling into the eaith s flndow They attempted 
to meoluie the diamctei of the fun by obfeiving the motion of the fliadow of 
the gnomon in the time the body of the fun was ifcending above the hpiizon 
The difcovery of the planets and then moaons we miy confider as a pioof of 
the eaily auangement of the flais into conftelhtions , is it mull be by com 
paimg the places of the planets with the fixed liars, that then motions could 
be difcoveied 

1252 When Alexander took Babylon, Caletsthenes found that the 
molt ancient obfeivations mode by the Chaldeans weie not above 190!} yeais 
befoie thit time, which cairies them to about the time of the difperfion of 
mankind by the confufion of tongues Thefe obfervations arc fuppofed to 
have been made m the temple of Jupiter Belus at Babylon M Gouet 
however thinks this account is not to be depended upon, as it was fiift pub 
liHied by Simplicius in the fixth century, who took it fiom Porphyry, and 
Hippapchub ai I Ptolemy, vho lived long before, knew notlimg of them, 
though they m d a very diligent fcarch aftei the writings of the ancient 
Afl-ionomers Th-y met with no obfervations made at Babylon befoic the 
time of Nabonassar who began to rcigain the year 747 A C Epiglnes 
Ipeaks of Babylonian obfeivations fbi the fpacc of 720 years Berosus allows 
them to have been mode 480 yeais before lys time, which coiries them back 
to 746 A C and this la m fbmc meafure confirmed by the oldeft eclipfjs 
whieh are recorded by Ptoleme one of which is mtmuoned to have hap 
pened 721 yeais A C and two, 720 A C About this time, the Babylonians 
fent to PIezekiaii to enquiie about the fhadow’s going back on the dial of 
Ahaz The period of 223 lunu month3,‘"compichending 6^853 dajs 
accoiding to the Chaldeans, make the periodic time of the mcon to be 
7 i 4 43' 13', audit fynodic time to be 29^ 12// 44'’. 7'' Theymoicovci 
delernuncd it s motion not to be uniform, but to be fometlung moie tha,o 1 1 
in a day and lefs than 12 when it moves jObwefl, and^foiaethiTig moierthan 
15 and lefs than 16 when it moves quickeft, tftid the mean daily mot^in 
they fixed at 13 10 35' It does not appear by what methods they^eter- 
mined thefe matteis, but it is probable that it was from obfeiving the path 

of 
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of the moon by the fixed flats, for there tie ftars called by the Artbs, Mtnaztl 
Al kumau 01 Maitfions ^ the Moon, by which is meant, fuch ftais as the moon 
appioaches at iji^ht m the courfc of it’s revolution They weie twenty eight 
in nunibei tlie latitudes and longitudes of which are given by Ulugh Beigh 
It is olfb aflerted by Ptolemy, that they were acquainted with the motion 
of the nodes and apogee of the moon and they fuppofed the formei made a 
* revdlut'on in i8y i^d U which peiiod, containing 223 compleJ;e lunations 
%3 dually called the ChaldLan Sam The 223 lunations they reckoned to 
contain 6583/ 8/5 And if we take the peiiod of the moon as now determined, 
they would make 6585^/ 43', which fliows how very fiearly the Chaldeans 

liod determined the lynodic revolution of the moon This peiiod completes 
the icvolution in refpeft to the node and apogee The knowledge of this 
might piobably enable them to foietel ecliples, at leaft thole of the moon 
Aristotle informs us, thit the Chaldeans made obfervations on the occulta 
tions of the fixed ftais and planets by the moon fiom which they were led 
to conclude, that an eclipfe of the fun was caufed by the moon And 
Diodorus Siculus fpeaks of their having obferved comets which they held 
(o be lafling bodies, having revolutions like the planets, but in moie extenfive 
mbits The fame audioi alfo fays, that ‘ the fouthcin paits of Arabia aie 
„made up of fandy plams of a piodigious extent ^ the tiavelleis thiough which 
direct their courfe by the BearS) in the fame manner as is done at fea It 
appears therefore, that the inhabitants were acquainted with fomc of the con 
ftcllations The Phoenicians weie probably the fiift people who failed by the 
ftai He fuithei obferves, that the Chaldeans made the annual motion of the 
fun oblique to the ecliptic and contrary to the daily motion Dialling was alfo 
fiifl knoyn amongO; them ind long befoie any thing upon tliat fubjedt is 
related by the Giecks Htropotus fays, that the Greeks boiiowed the ufe 
Kof the Pole and Gtunm, and the method ctf dividing the day into twelve puts 
fiom the Babylomasis The gnomon feems to have been the moft ancient 
aftronomical infhument The Chaldeans made thirty fix conftellaiions 
twelve in the zodiic, add twenty foui without They alfo made an obfer 
vation oT^'Satwn in the yd&i 42.8 A C which is pieferved by Ptolemy, 
and It ^ppea^s to be the only one which they made on the planets The dif 
tance was meafur^d by digits, of Which 24 made a dogiee They obfeived 
• th'it the fun, moon an^ planets poiled thiough the twelve hgns , the fun in a 
year, thf moon m i month and that the planfts had theu particulai peiiods 
They pHced"the moon bdloW'Ull the ftars and planets, made it the leaft of all, 
placed It ueaie^i to the e!Mth, and made die time of it’s levolution the leaft, 
accoidingtoDroDQRUs Siculus Their civil jem conhfted of days 
* and Albateqnius rehles, that the Chaldeans made the fultical yeu 
• , j > 30^7 
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6 /i \i' Ihey foimed fomc idei of the mignitiide of the eiith, foi 
they dilLO\eied, it is f\id tint a man, w liking i good nte, mi^ht follow the 
fun round the e\Uh, ihit is, he might nnke the loui of the^ciuh in a yi ii 
Now if wc illow I good 1 Ml to mem Ihitc mikb in an hour then there being 
8/6o houis in a^^ai of j6^ dajs the uiuimfcience of theeiuh would bo 
26280 miks, which docs not diftci a gicat dcil fiom the tiulh Re(pi.ifling 
the Chlklffin Aflionomcrs, liiftoi} give us but i reiy little infoimition 
Berosus is fuppokd fb be the oldell fiom a \eiy ibluid opinion of his ic- 
fpedlmg the pinks ol the moon and its eclipks Aceoiding to him the 
moon IS t globe hiving one fide luminous, ind the othei fide a iky blue Ai 

what time he lived is unceiLun 


On the AJhonomy of the Chinefe and Indians 

1253 M Bailiy flates, that the fiift king of the Indies lived about 
3155^ yeais bcfoie oui tra this is a little moie 1110040056115 bcfoic then 
aftionomical epoeh which is fuppofed by M le Gentil to be jioi A C 
Then zodiic had two difteient divifions, one of twenty ei^ ht, and anothc^i 
of twelve, and they divided then zodiac into twenty {even conftellations 
they alfo had a moveable zodiac, to explain the piccefiion of the equinoxes, 
the motion of which they flatcd at ^4" in a yeai and the cntiie 1 evolution 
in 24000 yeais This difcoveiy they appear to have made about the yeir 
2250 A C They icguhted then chionology by peiiods of 60 ycirs, but in 
then aftionomital cilcuhtions, they employed the peiiod of 3600 yc^is which 
IS fix times the luni lolor pciiod The BiaRmins weie acquainted with the 
obliquity of the ecliptic and they confliudted Tables fliowing the increaffi 
of the days iiiGng fiom the chinge of the funs declinition, foi difilient 
latitudes M le Geniil found that according to thcle Tables, the 
obliquity of the ecliptic muft hive been more than 25 They have a '^’iblc 
of the time which the fun employs to move thiopgli each fign of the eclipiie 
The fign in which it moves llowefl they make Gemini, and tha m which it 
moves qmckcft is Sigittaiins The apogee of the fun wis therefore Icfs ad 
vanced by a fign when thefe^Tablcs woie conftiuiFLed than it is mow, 'hhi 
cames their conflruAion bick to the yeai 78 of oui jera"*, at wlych *^me died 
Salivagena, one of then kings, who wis a gieit encouiagei of AfUonom/ 
They applied alfo to the fiin a coireftion which infweis to oui -equation of 
the center, being fublradlive in the fnft fix figns of anomaly, and additive in' 
the hfl fix, the greatefl fubtiaftivc 1 5', and infveis to 20 of Gemmi, ajid 

the 
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the gieitefl. iddilive is ii, and n.'hfweis to 20 of Sigittiiim this fcems lo 
hue been the joint efiedt of two different coiicdtions The Brahmins alfo 
made uL of the momon , and got a meridian bj delcubing concenliic aides 
in the mi^nnoi we do By this they ilfo found the htitude of the pi ice fiom 
tlie length of jt’s Uiadow it the dry of the equinox In the reign of 
d IIo XNG ri 2697 jeiis AC tl e Chinefe had invented and confUudli,8 a 
fpheics v 9 ith ll e vaubus Clicks belonging to it H a book written in the 
l^ign ’if Yao, about 2^32 yeais A C we colled the following ciicumftances 
ifl Hi and IIo (two Aflroaomers who were chaiged with compofing a 
colendai foi the people to leguUte then hufbandrj) obfeive 1 the places of the 
fun, moon andflais and inftiufted the people with refpeel to the feafons 
2dly The equality of days and nights and the flat Niffo, detei mined the fpring 
equinox ^dlj The equahtj of dajs and night , tnd the ftti Iltti marked 
the autumnal equinox 4thly On the longefL daj the flii i/o muked 
the fummei folfticc _5thl} On the film tefl daj, the flat Mm marked the 
wintei folfliee 6thly One yeai confided of 366 dijs ind thiee yeais of 
361; diys And by fpeaking of a lunii inteicolaiy, they mufb alfo have had 
a luni folii yeai Ihc Biahmins placed the eaith in the centei of the woild, 
with the feven planets letolving about it, but they do not appear to have 
been acquainted with it's diuinal motion The eaith they placed upon a 
mtountain of gold, they thought the ftois moved and the planets they called 
fifhes, becaufe they moacd in the othei as fifhes do in water Tbefe abfur 
dines fliow the great antiquity of their Aflionomy M Bailly fpeoks of 
their Tables os being probably i; 01 6aop years old M le Olktil thinks, 
that the Indians percci cd th it tin. 11 lables wanted a coiiedlion, becaufe at 
the time a\ hen they calculated the mean longitude of the fun and moon, they 
fubtraded fiom it a condant quantity which was probably the coritdion of 
tljcu epoch, and which they difcoveied by compaiing their calculation nth 
then obfcuations m conjundion and oppoficion, the points whcie they wared 
thim to agree, for the puipofc of calciolating then ecliplcs It is conjcdui 1 
that this coiicdion was made about the year 78 at which time their Aftrononi; 
undeiwcnt a gicat a foim ^ the jeai 291,2 AC reigned f ohi, the fiifi 
empcior oi China ind he appeals to have been the faifl who compoftd iftio 
nomical Tiblts, an^J gate the figme of ihe heavenly bodies Thefolificcs 
feem to have Ixen known at tlul time, a that empeior eveiy yeai licufif'td 
in owmol it ihc tiiTi^ of each folfticc His fuecefloi added a feafl at each 
cqyinox Un?lcr die reign o** Hoaho ti 2697 A C Yu chi obfeived 
the pqle fill, and the confSdl iiions about it He ilfo confLiuded a (phcte, 
with feveral fixed and novcablc clicks And it is faid that he made many 
experiments upon tliewcrthei and the an About the fime time, thecucle 
• ol 
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ot 6o jc-iis eft blidipd Hoanc n was the authoi of niany inflrumcnts 
VO oblcrve the ftais, and alio of an inHiument to find the ciidmal^ points, 
without any lefeienct to the heavens this inafl luvt, '■been the conipvfs 
Traces of this aie found 1400 yeais aftei The fame piinceTnf^itulcd a focitiy 
of matheuiaticmns and of hiftoiians Ihe empcioi Cntri^Ni, irj thv jeai 
2513 A C coinpofed an Ephemens of the motions of five phnets and it 
is faid, .Jiat liL, was 1 ailed to the empue foi his knowledge m Ai:ionomy * 
Under the leign of Crou kang, 2169 years A C happened an cclipfc '^vhicU 
13 _thc moft ancient we have any lecords of Tiom the reign of this 
prince to the year 776 A C hiflory makes no mention of any cdipfc having 
been obfeivcd Fiom the year 480 AC to 206 A C Aftionomy was al- 
Qioft entiiely negleftcd, the empire was divided into fmall ffates, and the 
fociety of mathematicians was defhoyed Tsin chi hoang united again 
tlie ftates, and foimcd one gieat empire and m the year 246 A C he colltfted 
the hiftoiicdl and mathematical woiks and buined tliem But the fludy of 
Ailronomy levived again under Lieon pang in the ycai 106 A C About 
300 yeais before our 'em the Chintfe made then year 365!; days The peiiod 
of the moon they knew within 20 01 _jO , but they load a veiy inaccuialt 
knowledge of its icvolution in refpedt to the nodes, and in refpc<!^ to that of 
the apogee, they feem to luve been altogvthei unacquainted At the fime 
time they hid a method of calculating eclipfes In the year 104 AC 
SsE MA TsiEN and Lohia thong formea precepts for calculating the naotions ^ 
of the phnets and eclipfes At that time they made the obliquity of the ^ 
ecliptic 23 39 Towaids the year 90 J C theempeior Tchanc h coi 
refted the calendar, having found that the folflice hod gone bock 5 About 
the year 164 J C Tchang HfcNO made a catalogue of 2500 ftais, which 
IS now loft In the year 206 J C Lieou hong oaid Ts at "tong difcovered 
that the moon’s motion was not uniform, but fubjedt to an inequality the 
rn'i'^mum of which was 4 55 ^ 4 ^^^ they tnad^ the obliquity cm lU 

oibit to be about 6 They knew the fohi year to be a little lefs than 365^ 
days , and they deteimined the revolution of the moon in refpeft to it’s apogee 
lobe 27^f 13// 16 50" In the yeai 284, Kiang ki deteimined tile true 
place of the fun by means of eclipfes of the moon About thife year 460, 
Tsou CHONG detcimmed the motion of the ftors to^be i m 46 yens 
Lieooj hi AO TsuN and Lieou tcho, about the year 584, employed the 
firft equation of tlic inequality of the fun Y hang^ wjio Iwred abowlthc 
year 720, mode the fun s inequality 2 21’ 30^^ He olfo deteftmnSd the tunc 
of Jitpiters revolution, and made the latitude of Staus 39* 45' 30 In 
the year 822, Su gang explained the paiallax of longitude, and fliowed it a • 
life m calculating folar eclipfes Towards the year i?8o, the Chinefe erefted % 

a gnomon 
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1 gnomon of 40 feet, fiom the obfemtions of which by Co cheott king, 
ihty found tlie obliquity of the ecliptic to be 23 3^' 40' ind if this be cor- 
refted by rcfiadlion it becomes 2^“ 34' 36" It is Cud that this Aftronomer 
was the fiifl: amon^ them who underftood any thing of fphened Tngonometiy 
He allb invented 1 method of cilculating folai eclipfes 

1 254 Foi out fiift knowledge of the modem (late of Atbonomy in Indi i, wo 
aie indebted to M la Loubere, who leturning in 1687 frorp an embaflyto 
’ Siam, biought with him a Siamefe manufcript, contaimng Tables and, rules foi 
osculating the places of the fun and moon, tbefc were put into the hands of 
Cassini, to be explained Aftei tint, two other fets of Aftronomical Tables 
were fent to Pans from Hindoftan But for the belt information of the ftate 
of the Indian Aftronomy, we are obliged to M le Gentil, who went to 
India to obferve die tranfit of Venus in 1769 and who, duiing his flay there 
acquired a knowledge thereof They appeal to have no Iheoiy but content 
themfelves with calculations, paiticuhrly of the eclipfes of the fun and moon 
A Brahmin of Tiivaloie inftruded M le Gentil in the method of calculating 
eclipfes, and communicated to him the Tables and rules foi that puipofc, 
which he publiflaed m the Mot del Atad Roy des Stien 1772 They divide 
the zodne into 27 conftellations, and die ecliptic into twelve fxgns, of 30 each> 
and make the annual preceffion of the equinoxes to be 34' Then year begins 
at the beginning of their moveable zodiac The epoch of the fables of Siam 
IS 'for the year 638 of our aia, as determined by Cassini The length of 
their lidercil year IS 365 J 6/; la' 36", and that of the tropical is 365^/ 

30' 41 Thefe Tables have a Gorreftion of the fun s mean place, anfwciing 
to oui equation of the center, the maximum of vthich is 2 12, and it is 

made to var} as the fine of the mean diflance fiom the apogee, which they make 
80 from the beginning of the zodiac The motion of the modn is deduced, 
by certain intercalations, from apeiiodof 19 yeais The moons apogee is 
fuppofed to have been in the beginning of the move-tble zoduc 6ai days aftei 
the epoch of Maich 2I, 638, and to make a levolution in 3232 days The 
fiifl. of thefe fuppofitions agrees with Mayer’s Tables to lefs than i , and the 
fecond differs fiom them only iih 14 .ji" The Siamefe lulcs, which cal 
dilate only foi conjunftions Ind oppofitions, give but one inequality to 
the moon, the maximum of which is 4 56'* and is applied when the moon 
13 90" from the apogee in other fituations, the equation *a as the fine of die 
^oQn'4 diftance from the jipogce Thefe T ibles go no further 

i 25'5 .^notljer f t of •^lonomical T ibles weic fent fiom Chnfnabomam, 
a town in the Cainatic, about die yeai 1730 They are fifteen in numbci, 
and coatain, belides the mean motions of the fun, moon and planets, the equa 
tions of the center of thf fun and moon, and two coircftions for each of the 

planets 
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|jhnets They “ire accompmu-d with 1 ult ind cxtiiiph s I he tpoch*o\ ihtd 
Tables anfweis to Mtich to, 1491 when the fun w is cntiiin" the uua il le 
zodiic The equation of the fun 3 centei is 2 10 ,0 and of lliL^nioon 

5 2 4|7 j and the iichnation of the 01 bit is 4 allo^jK motions oi ilu 

apogee and node ate vciy nearly liue Anothti let of 1 ibk \ cto illo Itiii 
about the lime titnC) piobably fiom I'lailipouij os that place uilweis to the 
length of the day theie given, thefe do not raaternlly dilki fiotn tin. lilb 
mentioned?' 

1256 The Tables ind methods of the Bialimins of Tuviloic difla in 
refpedts fiom thofe above defciibed they fuppofe howevci tfic lime kiiLtli ol 
tlieyear, the. fame mem motions, tt c fame mequihtie of the hm and moon, 
and aie adapted neaily to the fame meiidion The epoch jiowovci goes back 
to 310Z A C The foloi yeoi is divided into twelve uncquil months, each 
being the time the fun is moving thiough a lign , and in then cakuhtions foi 
1 day, they employ the time the fun mo\cs 1 m the ecliptic Ihcliducal 
year confifl.3 of 6A 12^ 30^^ and the tiopical of ^0 33 

The Brahmins make the obliquity of ihe ecliptic 24 which at the time of 
then epoch difleicd veiy little fiom the tiuth Thej affign two incqiiUitics to 
ihe motions of the planets, anfwering very well to the annual paiallu. md the 
tquUion of the centei Thefe Tables have their ladicol places foi the ycai 
i}.9i, of onr aia The equation of Saiwns centei is 7 ^9 4^', whiji 
agiees very well with what ic ought to have been at then epoch ,ioa A t 
M de la Place fays, “ I find by my theoiy that at the Indian epoch oft 
3 1 02 A C the apparent and annual mean motion of Saiuin wis la® ij ii| , 
and the Indian Tables make it 12* 13' 13" And that the annual and appa 
rent mean motion of yapuer at that epoch was 30 20' 42", pieeilely is m 
the Indiin Afbonomy From various agreements of this kind, Jtheie is the 
higheft degree of piobabihty that the Indian Aftronomy is as ancient as it is 
Hated to be by the Brahmins* In the Phil Trattf 1777, the leader will fiiid 
an account of the Biohmins obfeivatoiy at Benaies, by Sii Robert Barker 
See alfo an account of the chronology of the Hindoos, by W Marsdln, I fq 
in the Phil TranJ 1790, and Mi Cavendish on the civil year ol the • 
Hindoos, m the ^me woik for 1792 " 


* For the prooft m fuppoit of this fee Proftflhi PLATrAia’b Rnmiks on the AlUoqpniy of 
the Prahtnins, Ldt^hurgh Treuf Vol a ^ , 
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Oh th AJh ofiony of tl Greeks to the 'firm of Ptollmy 

12^7 It IS agreed that the Greeks borrowed their knowledge of AHronomy 
from the Lgyptnns and Chaldeans Plutarch relates that about ihg time 
of Hesiod, tjje fncnces began to unfold themfelves, but the progrefs which 
they made was very flow until the time of Thales, about 6oc'*yeais befoie 
" the Chrifban ®ra That philofophei rendeied lumfelf famous by foretelling 
an eclipfe of the fun , he howevei only predidted the y^ai in which it would 
happen, and this he was piobably enabled to do by the Chaldean Soros, a 
period of 223 lunations, after which, the eclipfes return again nearly in the 
fame order He alfo expluned the nature of eclipfes, and was the fit ft Gieek 
who went into Egypt foi impiovement He is faid, by Hteronymus in 
DipoENES Laertius, to have difcovered the year to confift of ^65 di)s, 
this he might have got from the Egyptians but Laertius feems to give \ 
reafon to the contiaiy, foi he fiys that “ he fiift found out the tranfit fiom 
the tiopic to the tropic, and was the fiift who called the hft diy of the month 
the thiitieth He is faid by Pliny to have determined the cofmical rifing 
of the Pleiades to have been 25 days aftei the autumnal equinox He ftudicd 

• the couife of the fun, ohd made it s diameter to be the yaoth pait of the whole 
heaven, 01 half a degiee, he was alfo acquainted with the zodiac, and its 
obliquity to the equator The fame author informs us that he computed a 
calendar, containing the tunes of the rifing and fetting of the ftais He is faid, 
by Callimachus, to have formed the conftellation of the Lejjer Btai 
WniDLER attributes to Thales two woiks, one on maiine Aftionomy, and 
the oth<»r uppn ihe folftices and tiopics When Thales was in Egypt he 
metfuied the height of the pynmids by the length of their fhadow, when Ihu 

• fun was 45 high He died 549 A C 

1258 The fcnolar and fucceflbi of Thales was Anaximander 
Accoiding to Laertius, he taught that th eaiih was a fpherc, tnd in the 
cenlei of the woild tint the moon bon owed it s light fiom the fun, and that 
the fun Has not lels than tlje eaith He is faid to have introduced the ufe of 
the gnomon Puny mentions tint he fiift difcoveicd the obliquity of the 
ecliptic He foiTncd t gcogi ijihical chut, but it is uncertain whether he wis 
♦ht investor Ihe invention of the fun dial is given to him , tin however is 
doubtftil JHc dial in the j ear 5 1.7 A C 

12^9 Anaxagopas w?io lived about 3^0 yeais A C is ftid 10 havt- pie 
diflcd an 'eclipfe of the fun, which, accoidin^ to IhucXdides, h ppened m 
\ OL II K K tilt. 
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the firffc year of the Ptlopomejian wai He taught that the moon was inhatiied, 
and had plains hills and walei as our eaith has 

ia6o At the fame time lived Pythacopas Laertius ofleits, thit 
the fyRem he taught was that the earth was m the centei*^WiLh a diuiml 
motion, in the next place the moon then the fun and llicn the oibits'of the 
planets Plutarch however infoi ms u tint in lus old age he rtpcntcd 
that he had not affijned to the eaith its pioper place From this we may 
conclude, !4iat he was acquainted with, and appioved of, the tiue f)flcm 
taught by Phii OLAUs,*his cotempoi uy He afuibed the biightncf of the** 
Mtilf ffny to the cffcdl of a gicat numbei of veiy fmall ftais ^Cnd it is fud to 
have bten this philolophei, who Gifl. taught tint the morning and evening fl u 
(Venus) aveie one and the lame planet He is alfo mentioned to have taught 
the obliquity of the ecliptic, md the pofition of the tropical ciieles, by thf 
fpheie He thou Jit the eaith was a globe, and admitted that thcie mq ht 
be inhabitants at the antipodes 

1261 PiiiLor Aus, a difeiple of Pythagoras, lived about 450 jcai AC 
He taught the tiuc fyftcm, placing the fur in the centei, and rail mg the 
eaith and all the planets levolve about it He was perfecuted foi piop i aim , 
this opinion, and obliged to lly foi it and it is leraaikable, that Gat 11 10 
loft his hberty foi maintaining the fame Soon iftei this, we find Hiei rAs, 
aSyracufan aflerting the diuinil motion of the earth 

1262 Mm ON foi me d a cycle of 19 yeais, containing iplunai yeais, and* 
feven inteicoliiy months This ejele commeneed July 16, in the yeai 4^2 
AC 19 days oftci the fummpi folftice and the new moon w hieh h ippcncd 
on the lame day at 7// 4j in the evening, was the beginning of it I his is 
called the Meiomc fcycle 

1263 Eudoxus, a fcholar of Plato, flouiiflied about 360 yej,is A C 
When young he tiavellW into Egypt, and conycifing with the piitfts, he 
learned many things fiom them lelatmg to Aftronomy He made the foJwe 
yi^i to confift of 365} days, and the fynodic revolution sof lh5 moon to be 

zgd 12/143 38" Archimedes fays, that he eftimated the duinetci of the 
fun to be nine times gieatci than tint of the moon Seneca fay , tint he 
earned into Greece the elements of the motions Of the planet wiotc a 

treatifc on the conftelhtions, which is loft Vitruvius fays, that I udoyus 
made a fun dial upon a plane He alfo conftrufted a fphate The oibit of 
the moon he difcovered to have been inclined to the ecliptic and that tlii, 
greateft latitudes did not always anfwer to the fame place,* but that il^y avtnt 
backwards, thus he difcovcied the motion of the moons nodes He com-i 
pofed two wolks, one called the Mmovy the othei, the PhaHominii In-thc 

firfl, 
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firft, he defciibed the conftelktions , and la the fecond, he pinned die tunes 
of their nfings and fettings Hipparchus was in pofleffion of thefe two 
woiLs, but they>aie now loft He advifed mankind not to put any faith in 
the pi editions 'bf aftrologers 

1264 Armtotle lelates feveral obfervations which he made He faw an 
eclipfc of Mars by the moon, and an occultation of a ftar in Cmm by Jupuer 
He obftived alfo a comet, the tail of which extended over one t^ud ot the 
heav>-ns 

i2'65 CalIppus hved about 330 years A C He coiiecfted the cycle of 
Meton, and formed that of 76 yeirs He olfo mode a colledtion of obfei 
vations of the nling of the ftais, and joined to them meteorological remaiks loi 
the fake of agnculture 

1266 Pttheas, who lived at Mai fellies in the time of Alexander, the 
Gieat, by means of a gnomon, found the length of the ftiadow at the fummer 
folftice to It s height as 600 to 209 , fiom which it follows, that the obli 
quity of the ecliptic at that time was 2^ 50 He fays olfo, that the fame 
piopoition of the height of the gnomon to the length of the fhadow was tiuo 
at Byfance , but this could not be, the liuth of the above conclufion theietorc 
IS thus tendered doubtful 

1267 Aristillus and Timocharis lived about ^00 A C and weic 
the firft Aftronomers of the Aleiandrine fchool Their obfci vations weie 
piincipally confined to the ftais, in ordei to fix their politions m the heavens , 
and It appears that Hipparchus made great ufeof them, diftoveiing fiom 
them that 'the flats hod a mouon in longitude of about 1 in loo year\ 
which, though notveiy exad, feived to difcover that the equinoftiU points had 
a retiograde motion 

1268 About 276 A C lived Aristarchus of Samos He obfei ved 
Jthc elongation of the moon fiom the fun at the time of the moon s dichotom} 
and found it to be not lefs »-han 87 fiom whence he concluded that the dif 
tince of the fun was not lefs than 19 times the diftancc of the moon He 
made the diameter of tht fun to that^of the eaith gieitei than 19 to ^ and 
lefs than 43 to 6 , and the dnimetei of the moon to thit of the ctith, greater 
than 43 to iq8 and lets than 19 to 60, this laft dctcinination is not fti horn 
the truth He agjced with ^hiloi aus in iclpedl to the motion of the catth 
abqiit the fun He fiys in his tieatile entitled De Mn^mtudtmbus it Dt/iantits 
SoltP et LUnti that the diametei of the moon 1 about .. thl was piobably 
qply what he fiift eftiraatcM itait , foi Archimedes infoims us thit he madv- 
It ahput jO' He though^ theic was no piopoition between thf* diftaiire of 
the fun and that of the*hxid ftirs Vi tkuviu lehtes, that he made i clod , 

¥ which is fuppofed to mean v fun did 
• 

\ 
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1269 The next celebnted Aftionomer* was Eratosthenls, who was 

boin 276 A C He wis invited to come fiom Athens to Alo mdiia by 
ProLFMT EuiRGETEs, ind made by liim keepei of the igyal libiiiy* ^ At 
his lequeft, Ptolemi fixed up ArmUas or circles of biafs, “n the poitico it 
Alcxindiii, for the puipofc ol mil mg aflrionomicil obfeivitions With 
theft:, Eratosihlhes meafuidd the obliquity of the echptic tnd detei mined 
the diflinq^ of the tropic to be to in entue circle as ii to 8^ this gives the 
obliquity 23 51 20 ind it is 1 very important obfeivition i, fioH its 

iccuiacy, it pioves veiy fiLisfadtoiily the obliquity is decroffling He ilfcT 
hicifiired v degieer upon the eirth s fiuPice by taking the diffcunce of ll e 
zenith difimces of 1 ftir at Alexindin ind Syeni, which he found* to be 
7 12, ind the diftmce upon the eiith was 5000 ftides hence, 1 degree 15 

694* Hides How iicai this is to the uuth wc cinnot fiy 1 vie do not know 
in whit flides the diflincc wis meifmed , alfo Alexindin andSjcni 11c not 
und 1 the fime mejidnn We owe however to him the meat of difcovenng 
the method M Weidler, fiom Peutarch, fays, tint Ei aiosthenes 
mide the diftmce of the moon 780000 Hides ind the diHtiice of the fun 
804000000 Hades , but it is not mentioned by whit method He attempted 
to numbei the ftais ind went as fii is 673 He lived to the age of eighty, 
when he loft his fight, which lo afflidted him, thit, it is fiid, he fliivcd 
himfclf •* 

1270 Arciiimedes, befides being the fiift of the incicnt mithemiticnns, 

was lift) 1 good Aftionomci Hipparchus informs us, tint he obfeivcd the 
fplHice, ind, according toMAcROBius, he determined the diftmce of the 
mooa md phnets, but to whit atcuiicy it does not appeii Cicero rJites 
thit he nude 1 fpheie, on which weie repiefented the motions of the fun, 
moon ind five plineLs, each with their proper lelative velocities Me wis the 
fiift who affigned the true iiea of a curvilinear fpace When Syiacufe was 
taken by Marceleus in the year 211 A C he gave orders to five Archi- 
medes but he was killed Ly a fbldier wliilft he wis diiwing gcoincincil 
figures upon die ground, for not infvienng the queftvons thit weic put to him 
Marceleus howevei lendeied him that hojjoui whicli was rfiue t<3 his 
mem 01 y • 

1271 Apoli onius of Peiga lived ibout the fame time He wis the fiift 
who expluned the ciules of the ftitions ind letiogiade mouons of the plinets 
by epicycles (210) He is alfo celebiated foi his Tieitife cm the QoiTic 
Sedtions , md the method of projcftions is iHo a.ttril?ute(f to hinr • 

1272 Hipparchus the fithei of Aftronomy lived between 160 md 
123 years before oui ten, md wis boin it Nice in Bithjnn He !vai the fiift 
peifon who cultivated e^ely pul of Aftionomy He began, by veiifymg the 

Qbliqinty 
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obliquity of the ecliptic, obfeived by Er atostsenes and found il very 
correft and this w-v afteiwards confiimed by Ptolfmy He fiYed the lati- 
tude of Aletandiift at 30 58' The length of the tiopicol yeai he determined 
fiom thq inteiVTJ'of the icturn of the fun to the fime Liopic, oi the fame equi 
noT and he conceived, that if he could get two cor^erponding obfervations 
after a great number of revolutions, the erior would be piopoiuonaUy dtfni- 
nilhed, and this is me method by which future Aftwnomei detei mined the 
mean motions of all the phnets, a difcoveiy the fiiil impoitancc in Aftro- 
noray He coilipaied the obfervation of a folftice by Aristarchus with 
one made by himfelf at the inteivil of 145 years and found that the 
happened haif a diy foonei than it ought to have done, if the year confifted 
of days, as the Gieeks believed bcfoie him Thus he deteimined 

the tropical year to be 365^ 55' 12' Horn his obfeivations of the equi 

noxes and folfbees he found that they did not divide the yeai into four equal 
pails and he dilcovered that the inlcival fiom the vein d to the autumnal 
equinox was 186 da) , about feven days longer than the intcival fiom the 
autumn il to the vcinil equinox Thus he found that the motion of the fun 
was nor unifoim But inhead of explaining this by an epicycle, which he 
did at fiifl., he conceived the idea of placing the earth out of tlie center of the 
circle in which the fun was fuppofed to move, which would account for this 
Tncgulaiity The invention therefore of the exccntiicity of the 01 bit is due to 
this Aftionomer Upon this piinciple he computed two Tables of the fun 3 
motion one of it s mean motion and the other of it s inequalities, which 
IS the piinciple of all our aftionomical Tables at this time The difcovery 
of tlic inequality of the fun s motion led him to another of gicat impoitance, 
the inequality of days He knew the two caufcb which pioduced this in 
cquility and ftid then effects weie not fenfible in one da} but became fo by 
accumulation He was miftaktn however in the quantity making the maxi- 
mum ^3 “’o" We are indebted to him therefoie for the difcoveiy of the 
principle of the equation of time T imoch aris found that the liar called Spica 
Fitpmis picceded the autumnal equinox 8 , Hipparchus difeovered that 
at his tunc it did not precede moie than 6 , and he found the lame of othci 
flats But nqt conceiving it pi ob able that all the ftars fhould have a motion 
without changing then lelative fituations, he conjeftured that the cquinoftial 
point had a letiogiadc motion, which he made about 1 m 100 }cais lie 
found that the lla^s changed ihcii declination , but not their latitude , on this 
account fie ic-^cncd the lly , qot to the equ itoi but to tbe eel ptic Having 
difcqycicd the pieceflion ot the epniaoxcs he found that the ladcieil ycai was 
more than 6 h By obfeivations on the moon, he difcovoed that it 

departed fiom the echptic 5 on each tide, and thus he fixed tbe inclmition of 
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'■ It s oibit at tint quantity He difcoveied alfo that it s nodes were moveabje 
By obfeiving the difl.ance of the moon from the ftars duung the night, afiei 
•vllowing foi It s motion, he found that it s Ctuation in iefp«^d to the ftars \ t 
lied alfo as it s altitude vaiied He aUo knew that an ccLpfe of the fun was 
not the fatpe on diffeiont pails of ihe eaith , and thus he difcaveicd die moon 
to Tlave a parallax This fuggefted to him the method of finding the diftance 
of the ft^p (156) Hetompaicd the ancient obfeivations with his dwi, and 
found, that in the inteival of 126007^/ \h the moon made 4573 levohilions 
in refpedl to it s apogee, and 4712 revolution , wanting 7 30', in reipeft to 
the ftirs But that the latitude, and confequemly the eclipfes, did not icLuin 
the fimc till about 3458 months, duung which time the moon made 5923 
revolutions in refped to its nodes Hence, he found its levolulions in 
icfped to the 


Sun 29'' iz' 44' jl" 

Apogee 27 13 18 ^4, 

Node 27 5 5 35; 

Stars 27 7 43 13 

He difcoveied an inequality of about 5 of the moon, fimilir to tint which 
he had difcoveied of the fun, and lepiefcnted it in the fame mannei M 
Bailly thinks that Hipparchus had detcimined the mean mplions of the 
planets Ptolemy does not mention upon what obfeivations the levolutions, 
flated by him, were made , and his lilcnce on tliat point, lendeis it probable 
that the dcteirauntions are not his, but tbofe of Hipparchus He made an 
mftiununt to meafuie the diameters of the fun and moon but Pi or fmi does 
not fiy tint he made ule of it it is piobable howevei diaf he did, as he 
makes the diametei of the moon ^3^' at the mean diftancc A new flaa 
having appealed m his time he deteimincd to make a oataloguc of the fixed 
ifars, in 01 del that poficiity might know whcthei any changes had taken place 
m the hcaaens This catalogue contains the latitude and longitude of loz- 
ftais, with then appaient magnitudes Ptoeemy publiriied Hicfe in his 
Aimagefl:, with then longitudes for that time Hij parciiu^, divided the 
heavens into 49 confldlations tint is, iz in the cdiptip, zi to the noilh, 
and 16 lo the fouth He earned into Geognphy the plan which he Ind-fpl 
lowed m Aftionomy, and laid down the places upon she eaith s fuifiCe by 
then latitudes and longitudes T he determina«on of the circurafeitnet of the 
eaith alfo occupied his attention and he added 2^000 ftades to the m^afuic 
given by Eratosthenes He appears to have coUefted a-*! the ecliptes of 

the 
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the fun and moon he could meet with obfeived by the Btb}lonians The 
woil s of ibis greit AfLionomci aie found in Ptolemy s AhuYgeft 

1273 Adionomy mode little or no pijOgiefs fiom the time of Hipparchus 
lo tint of Pi on MY, who wis born in the yen 69 of oui dera His great 
noik on Aftionotny is entitled M.tyctXri SunTO'^if 01 Cuat Conflt nEltoH , and the 
Aiabs gave it the name of Almagejl by which it is now iifually rill d Xhis 
work IS inaaluable, b^th as containing his own difcoyeiieSj and as jgieftiving 
iholL fff Hipp <iRCHUs It was known thit the moo^ was fubjc£t to a very 
confideiable equation, which wa fixed at 5 i at it s maximum But Pto- 
lemy diftoveied that this was true only when the apfides wefe in quadiatires, 
and that when they weie in lyzjgies it aiaoiinted to 7 40 the difFeience 

2 39 he called a fecond inequality which differs but t veiy hide fiom what 
IS obfeued at this time He conflnidled an iiiffiiument to find the puallax 
of the moon which he made i 7 at the zenith diflance , i qu tntity much, 
too gieat He ilfo attempted to find the paiallax of the fun which he made 

2 51 He iud tint when the latitude of the moon was gieatcr than the film 

of dit femi dnmcteis of the moon and eatth s flaadow, lint thcic could be no 
cclipfc of the moon And if the latitude of the moon weie Itls than the fum 
of the feiui diameters of the fun and moon, theie would be an eclipfe of the 
fun But to tell whether it would happen at any paiticulai place, he found 
ft neceflaiy to apply the moon’s parallax When he therefoie difcovered that 
the earth would be fomewhere eclipfed, to deteimme whethei it would happen 
at any paiticular place, he computed the place of the center of the moon for 
fevcral fucceffive inftants, and applied to them the rcfpeifiive cffcdls of puallax, 
and t]p.us he got the apparent difttnce of the centcis of the fun and moon, fiom 
which he deduced the times of the beginning and end The element called 
the ieduElm to the ecUplic he perceived and explained It appeals alfo, Ihaj: 
bcfoie the time of Piolemy (hey itckoned the digits by the twelfth paits 
(Jf ihe furface and not of the diametci The fyftem of the plai cts which he 
embiaced is well known He explained then motions by means of an epi 
Click icvolving upon an ^xcentnc circle, but he was not able to find their 
rehtwe diftances He confiimed the difcoveiy of HiPPArcHus, of the pre- 
ceffion of <he equinoxes Both ProLtMY and Hii parchus dcteimined 
the longitudes of the ftirs by comparing them with the fun And as they ue 
not vifible in the Clay they ufed the moon as an intermediate obfeivation 
He deduced the 49 eo iftell itions to 48 He mentions Ba entces Hair, but 
did not admitiit a conllellation He was acquainted with the eftedl of lefiae 
tion, having written a Tieaiiie on Optic whcic it is mentioned Ai hazln 
quotetl this Tieatife, which exified in hi tune The Almageft is divided into 
thiiteen books 


In 
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111 the fiift, he endeavours to (how that the earth is at left in the c<“ni« of 
the univtrle that it is fphencal, and but a point in companfon of the iIiIl ncc 
ot the fiAed fins he dlo treats of the feveial ciicle of the _c nth alTd then 
poCtions in a ug,Lit Iphcre • 

In the fecond he neats of the habitable paits of the eaith, and of the natuie 
and pofitions of it s ciiclcs m a ngjit fpheic 

The tj^iid book t eats, of the tiue length of the yeai ©f the uni-quil motion 
of the fun in the ecliptic, and alfo of the unequal length of days and nights , 
jt hi ewile cont/iins 1 able of tl e fun s mean motion, and precepts for ufing 
them • 

In the fourth, he treats of the lunai motions , give Tables for computing 
them, and exhibits the pimciples, and obfervations on which they aie 
founded 

In the fifth, he tieats of the excentnaty of the lunar orbit, and the inequali- 
ties of the moon s mouon afligns the magnitudes of the fun, moon and earth, 
and their diftinces fiom one anothei 

In the fixth, he Lieats of the conjunftions and oppofitions of the fun and 
moon, the limits of iohr and lunar echpfes, and gives Tables for computing 
the times when they will happen 

In the feventh, he tieats of the fixed ftars defcribes the vaiious conftellations 
by means of an ulificiol fpheie , reftifies then places to his own time, and 
fliows how diffcient they then weie fiom what they had been in the times of 
TiMocHAris, Calippub, Hipparchus and otheis and concludes with 
a catalogue of the ftais in the northern hemiipheie 

The eighth book contains a catalogue of the ftars in the fouthern hemi 
fpherc, os olfo a catalogue of the ftais in the twelve vodiacol conftelhtions 
this catalogue of the ftars is the oldeft extant, and therefore gonflitutes a veiy 
valuable part of the work The book concludes with a difcomfe on tlic Galaxy^ 
or Mtlhy way, and an account of the rifing and fctting of the fun and frxtfd 
ftars 

The ninth book treats of the oidei of the phriets, and of then peiiodicil 
revolutions contains T ibles of their mean motions , and concludes with the 
theory of Meicuiy* and accounting foi its various phjenomena as feen fioQi 
the catlh 

Books the tenth and eleventh treat in like manner, oft the vaiious phaeno- 
mena of the pi inets Venus, Mars, Jupiter, and Saturn, and ftipws hoTv-the 
Tables have been coirefted fiom the obfeivatiqns of picdeding ^ftromomeis 

The twelfth book treats of the ftationaiy an (5 rctiogiade appearance of \he 
planets and the thirteenth of their latitudes, the inclination of then Orbits, 
nfings, fettings, &c 


O/ 
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On tl>$ AJirmmy of the Arabs, Pcrfians, and Taitaii 


1274 Almamon, an Arabian Aflronomer, lived about the year *^8 
lie began his obfervations upon the obliquity of the ecliptic, which^e deter 
mined to be 23 , 3^', according to Golius, but in^inother edition of this 
author, it is 23’ if This is related in the Elements of Aftionomy, by 
Alfergen About the fame time it was determined by Ca^id, AsuLrisus 
Sened, and Alis, to be 23 33' We may theiefore fix the obliquity of 

the ecliptic at that time at 23 34') with the probability of it s being near the 

127 ^ Thebith, who was bom about the jeai 836 determined the length 
of the fidcreal year to be ^65^ 6/1 9' 11 , and made the equinoftial points 
lo have a motion fometimes direft, and fomaimcs letrograde He found 
the obliquity of the ecliptic to be 23 33 30', and concluded it to be 


variable , , , ,,, 

1276 Albategnius, who flouiifhed amongft the Aiabs about the middle 

of the 9th centuiy, was the gieatcft Aftronomci fince Ptoeemy Dr Haeeey 
calls him, Au&or pro fuo factilo admtrmdt acwmms, ac m admtiuftrandts ohfcrvatimbus 
e-tercttattJJimUs Finding that Ptolemy s Tables of the moon and plinets 
were defefliive he conftrufted new and moie correft Tables He made the 
motion of the equinoxes to be 1 in 66 jears, inftead of 100 years, as it had 
been befoie fuppofed and examining the obliquity of the ecliptic, he found 
It 23 35 , but if his obfeivations be coircfted for parallax and reft action, it 

becomes 23 35 47 'Ihc theory of the fun alfo engaged his attention, he 

fo\ind the excentricity of the earth s orbit to be 3465, the radius being looooo 
The place of the apogee he fixed at 22 if of Gemini and ProLTMY having 
placed It at 5 30, he difcoveied that the apogee had an annual piogicffive 

motion of 59" 4 in ic^edt to the equinoxes, and (accoiding to him) the 
motion of the equinoxes being 54' 32'" the real motion fiom hence is 4 32 
He gave two equations to the moon, the fame os thofe which Ptoltmy dif 
covered He alfo obfcivcd two eclipfes of the moon, and two of the fun 
lht,fc clifcovciics appeal in a work of his, entitled, De I^tmerts ct MoUbns 
Sielhnitn^ which ccyitiins alfo feveral problems upon the dodtiinc of the 

Ipheic '* 1 lu 

1277 Abu MAnriuD Ciiocandi, who lived about the year 992, with 

a fextant oC 40 cubits idius, found the obliquity of the ecliptic ?3 32 21 , 

the limb of tins quadiant was divided into feconds 

• VoL II L f 


1278 Alba- 


iilE HISTORY OP A TRONOMY 


1278 Albati/rniits abui Rian, ^bout the yeai 995 iccoiding, to 
Mr Bernard 01 about 1070 iccoiding to Abui faraoius with i qui 
drant of 15 cubits ladms, made the obliquity of the ecliptic 23 

1279 Arsachel, who lived about the yen 1076 co*uflul the tlitoij 
of the lun, by making a gieat number of obfeivations in vaiious puts ol the 
orbit He made the obliquity of the ecliptic 2j 34 

1280 Alhazen wrote upon the twilight, the beginning of which he inidt 
when thrfun wis about 19 below the horizon, and he computed the h(.+glit of 
the atmolphere to be 51 8 miles fnppofing the ciicumteienfre of the euth to 
be ^4000 miles He wiote a Treatile on Optics in feven books, m which he 
explained the tiue principles of the lefiadlion of a lay of light thiedgh the 
air, and gue a method of finding die quantity of it He lived in the cle\cnth 
century 

iz8i The ufe of the pendulum was known to the Ai \bs but no iccount 
13 given of the inventoi or at what time he lived This vciy impoitant dilco 
veiy ought to have immoitalifed its authoi 

1282 In the yeir 1072, the Sultan Melicshau employed Aftionomeis to 
colieiSt the length of the }eu and Omar Che yam detei mined the length oi 
the tropical year to be 5^ 48 48 the veiy fimc quantity it which it 
IS now fixed by M de Iv Lande He olfo coiieaed the cilendai 

1283 In the twelfth centuiy Chioniadls a gicat mathemitieim 

Conftantinople, obtained peimiflion to impoit many books fiom J lebi/ond m 
Perlii, from which we find that the Peilians had cultivated AUionomy with 
great fuccels as then Tables of the motions of the planets, thole of 
Meicury excepted, were veiy exad: M de Usee deduced fiom thele TLablcs 
the tropical year of the Peilians to be 365^ 3/; 49' / 30 the annual mo 
tion of the apogee 5" 25'" 12'", ind the fideieal year 3651/ /i/ 9+55 30 

The obliquity of the ecliptic m thefe Tables 13 23 ^5, the equation of the 
cent?! of the fun 2 0' 30'' and die place of the apogee, in the liift ycai (5 

tllESDEOIRD, 13 2 1 7 ?o' 7 

1284 In the thiiteenth centuiy lived Nassir^ddin, who conftruacd 

Tables from obfervations made at Maragh He mode the obliquity of die 
ecliptic 23 30 ^ 

1283 An Noddam, who lived foon oftei Nassireddin, mule the 

obliquity of the ecliptic 23 ^3 , and difcoveied diat the obliquity was de 
creofing ^ 

1286 In the fifteenth centuiy lived Uluqji Beigh, a piin^e of* Tanary, 
and giandfon of the famous 1 amerl ane He hod a gnomon 1 80 feet liigfi, 
with which he mode his obfervations of the fun, and the Tables which''werc 
conftruaed from them weie fo exad, that they difteied but a veiy little fiom 

diofc* 
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thofc of licHO The Tables aie divided into foui pails, the firft tie-its of 
the epochs the fecond, of the times of i evolution , the thud, of the motions 
of the planets , tl ^0 fourth of the fixed ftars He dcici mined the picccffion 
of the equinoxes to be i in 70 3eais We find alfo in his Tables the equation 
of the funs center 1 55' 33' 12', which difFets only 21' 30" fiom the 
Tables of| M de h Caille Alfo the epoch of the fun for July ^ 1437, 
19/i 40 40" at Greenwich, is found to be 4 29 16' 24', whici is only 
r 48' lefs than in the Tables of Halley It is lemaTkable, that the Orien 
talifts difpofed the Tables fo as to have all their equations additive which, we 
have finte followed The fideieal yeai he made 3654/ 6A 10 8' 9' 23"" 
He alfo -determined the obliquity of the ecliptic to be 23 30 17 , but if his 

obfervations be propeily coriedted foi paiollax and refiadlion, it comes out 
23 ji' ^8 He alfo made a new catalogue of the fixed ftais He was put 
to death by hi own fon in the jear 1449 

1287 Ills to the Aiabians that we aie indebted foi the prefen L foim of 
Tiigonometr} They fiift made ufe of the fines iiftead of the chords of 
double the aiCs Ar^akel left a Table of fines, fuppofing the diameter to 
be divided into 300 parts Geber invented two Iheoiems which aie the 
foundation of modern Tngonometiy 

1288 In the ninth centuiy, the Arabians made their way into Spam, and 
thus by their intercouife with ill the weftern parts of Euiope, they communi 

-* cated to them the knowledge of Aftionomy, which foi fbme time had been 
lofl. in thOjt pait of the world 


On the Progrefs of JJlmmy, Jiom tts Rijoiatm m Euiope 

"1289 The empeioi Frederic II of Geimanj, who lived about the yeai 
1230 was a gicat encourager of the aits and fcicnces, and eftablifhcd uni 
veifities lot that purpofc He oideied a tranflation of the Almogcft ol 
Ftoli^my 

1290 Eacrobosco, born at Halifax, acquiied gieat leputation by hi 
knowledge m Aflionomy He ftudicd at Oxfoid, and ofteiwaids at Pans 
He wrote a lieatifc. on the Spheie, containing an account of the celeftial 
elides, the motions of the flais and planets, the iifing and fetting of the figns, 
the diveifity of days, nights and chmites and the caufes of eclipfcs This wa 
compiled fiom the Almigefl, and fiom fome of the Aiabiin Aftronomeis 
He aim wiote upon the tolcndir, and the ecclefiaflical computations which 
was it tint time a fubjedt that engaged the attention of Aftionomeis He 
died in the yeoi 1246 
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1291 Aboul tlK yeai 1240 lived Ali honsus X king of Cdflik Tin- 
rubles ol Ptollmy becoming defeftue be, m die life of his faihci, called 
togelhci die leiined in Aftionomy, who nice ni lolcdo^ and made new 
Tiblcs, which weie called \.\ic Alphonjme Tvbles m honour of tint piinte 
They weie publillied in the ycai 12 152, the hifl: of his leigll Itie Tables 
wcie founded upon the fane piinciples as thofc of PfOLEMY, and on the 
lame fjffim , and the coiiedtion confifted in that of the mean motions The 
Jew R Is tAt Ai I NS*ID lutnamed Hazan, was the principal authoi o/thefe 
Titles This king was depofed by his fon , and MAFiAii a laid, that he iofl 
the eailh b) contemplating the heavens 

1292 About this time lived Roger Bacon, a leained Fiincifcan, who 
wrote feveial woiks iciatuig to Aftionomy He obfcived, that horn the time 
of the icformation. of the calendar by Jclitis Cxsar the cqninoAcs and 
tiopics had anticipated nine days upon the time when Ptolemy hid obfcived 
them, and thence concluded that the anticipation was at the late of one diy 
in 125 years He had the honour theicfoie of dilcoveiing the neceffity of coi 
renting the ealendu He undeiftood the effedt of fpheiicil Iciifcs, but it does 
not appear that he combined them to foi m a telefcope 

i29j The ciidinol Nicolas Cusa difcoveted fome eirois in thcTibles 
of Alphonsus and he wiotc alfo upon the lefoimation of the ealendu H;t 
lemarked, that the motion of the fixed ftai in the Alphonlinc Tables did not 
agree with the obfeivations of Ptoi emy He appeiis to hive been the full 
among the modems who lenewcd the idea of the eaitlis motion lie died in 
the year 1464 

1294 About the fame time lived Purbach, a confidciable Aflionomei, 
who ftudied in the univeiiity at Vienna He wiotc upon the tli,cory of the 
planets, and attempted to conedl the Tablfr^ of Ptolemy and Alphonsus 
He calculated a Table of lines for evciy ten minutes, to a ladius of 60 as 
ProLLMY had done, but he augmented it by five cyphcis, on which account 
he IS fuppofed to have been the inventor of decimd aiithmciic Pie con 
fliudled a celeftial globe and added to it a catalogue of ft us By combining 
the hypothefes md elements of Ptolemy and'“ALPiioNsus, he gj,aae a more 
convenient foim to the equations In the yeai 1460, he printed a woik, en 
tilled, Theorie des Planctts In his folii Tables he placed the fun s npogec m 
the beginning of Cincei ind he ufed 33 30" foi the obliquity ^,the 
ecliptic M Weidler gives a catalogue pf twenty wonts of this ^roflbmei 
129^ Blanchinus of Bologna, an AfbouOmei cotempoiaiy wiili Pfc'R 
BACH, was pioftffor of that fcience at Fenaia about 1458 ]^e cuiwpofld 

new Tables of the celeftivl motions, which he dedicated to the cmpeioi 
Frederic HI They were firfl printed at Venice in 1485 

1296 The 
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1296 The next celebrated Aftronotner was John Mitller, of Konilberg, 
a towra m Fianconia, better known by the name of Regiomontanus that 
woid being a Lann tranllation of the German word Konifberg Encouraged 
by the leputation of Purbaoh, he wept to Venice at the age of fifteep, and 
became his pupil Upon the deith of Purbach he went to Rome, and 
mode there fome al^ionomical obfervations , but in 147^5 ictiredfto 
Nuremberg, where he met with Bernard WaitAbr, a zealous ^lend to 
Aftionomy, who was at the e\pence of conflru6ting foirife valuable aftronomical 
jnfLtuments, with which Regiomontanus made obfervations Pur bach 
and Regiomontanus difcovered the imperfedions of the ancient obfervations, 
by an obfervition of Mais compared with two fears neii it whereby this 
planet was found 2 difeant from the place given by the Tables 

ment which Walthlr made was an armilla, but much moie complete than 
an> which had been before conferufted It feived to obferae in the plane of 
the ecliptic the equatoi and in the ciicles which are peipendicular to it 
Thus theyobluved the latitudes and longitudes of the heavenly bodies to a 
conGdeiable degice of accuracy Purbach and Regiomontanus confidered 
the heavens as a great dial, and that the ft irs would pifs in fucccllion ova any 
mendnn at the rate of 15 m an hour This is the principle of the modern 
method of finding the light afcenlions of the ftais Regiomoni anus 
computed an Ephemcris for Jo years forwaid In the month of Febiuaiy, 
147a, a comet appeared, on which he made obfeivitions, and it was the firft 
that had been obfeived in Europe Pope Sixrus IV widied to icfoim the 
calendar and fent foi Regiomontanus to aHift in that woik, in conlcquence 
of which he went to Rome in ihe^car i 475 » died of the plague in the 
jeii follavying Othei 1 u counts hovvcvei ftate that he a/as put to death by 
the Ion of Ipapezuntius in revenge foi his having deteded eiiois in the 
tiranllat-ion of the Almageft by their falhei Schoni a docs him the honoui 
of ofeiting, that he was a favouici of the fyftem of the caith s motion 

1297 Blinard Walthfr was bom at Nuicmbeig m the ycai 1430 

Aftei the death of Regiomontanus he continued to male obfcivations , 
and in the year 1484, he macie ufe of clocks in oidei to meafuic time The 
firfl obfeivatiGti he made with a clock wa“, to find how loiig Mercury lofe be 
loit the fun In an eclipfc of the moon Fcbuiary 8 14 ^ 7 * maikcd 

ihu time b) the clock Hii parchus and Ptolem\ found the longitude of 
the feais Ijy compaiing them with the fun making ufe of the moon as an in 
tcsmediate olofcivation , but W aether made ufe of Venus infecad of the 
nioop* which was much noiecxid, bccaule us motion is flowci and alio 
on account of it S pai ollax being lo fmall He made the longitude of Aide 
baron a ^5' of Gemini, in the ycoi 1491 His obfuviuons wcie of echpfes^ 

of 
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of the longitudt-S of the phnels ind fixed fttis, of the conjunfhions of the 
planets with the planets and with the fixed ftais of then diftinccs and-occul 
titions He obfeived the effect of refiaftion upon the fun the houzon 

izgQ Domikic Maria was bom at Feiiaia in 1464, and was mathe 
matical piofefToi at Bologna He applied hiiiifelf with gieat diligence to the 
making of celeftiil obfemtions, and it was by his example and encouiogement, 
that Co^^RNicus was excited to cultivate pnfticol Aflionomy Ide made 
the obliquity of the ecliptic 29 29 

1^199 John Werni:? was boin at Nurcmbeig in yeai 1468 He went 
to Rome in 1493, whcie he devoted himfelf to muhematics, idionoqjy, and 
aftionomical obfcivations In 149b, he letuined into his own counliy and 
defciibed the motion of a comet, which appealed m Apiil 111 the jcai 1500 
He determined the motion of the fixed flais to be 1 10 in 100 jtais and 

made the obliquity of the ecliptic to be 23 28 He confliudltd a michinc to 
leprcfent the motions of the planets accoidmg to the Ptolemaic lyRcm 

1300 The next Aftionoraci of eminence was Nicholas Copernicus, 
who was boin at Thorn in PiulTia, Jonuaiy 19, 1472 Fiom his ciilieft jeiis 
he was veiy fond of mathematical ftudies, and when he had learned the ufc 
of the aftiohbe, and began to undciftand the piinciplts of Aflionomy, he was 
fo ftiuck with the leputation of Regiomontanus, that he icfolved to gita 
up all his attention to that Rudy He went to Bologna to vifiL Dominic 
Maria, a profefloi of Aflionomy at that place, fiom thence he went to 
Rome, wnere he was made piofcffoi of mathematics, \nd wheic he made 
fome obfervations about the ycai 1500 Returning to his own coiiniiy, he 
applied himfelf to the fludy of Aflronomy He meditated upon the aaiious 
fyfl-ems, md examined all the hypothefes, a citculai motion of the planets 
about the eaith he found would not folve the ph'enomena, and he could not 
admit the dodrine of the epicnclfes of Hipparchus andProirMt, wlvch 
fuppofe the bodies to icvolve about an imiginory centei, and which, fiom it s 
complexity he thought oltogethei unwoithy of it s gieat Authoi He dileo 
vered that Philolaus had placed the fun in the centei, and ihit Nic/tas 
had given the eaith i lotation about it 3 axis, 'and this led him to foim the 
fyflem which now goes under his name He vos pleafed with the idea of 
placing the fun, as being the mofl gloiious body in the heavens, m the renter, 
ruling as it wcie and direding all the reft and was delighted with the 'fim 
phcity, and humonyof the whole He fold that ‘ by long obfeivations he 
difcovered, that if die motions of the planets'be compaied with that of the 
earth, and be eftimated according to the times in which they peifornr then 
revolutions not only then feveial appearances will folloV fioq) this hypothelis, 
but it will fb conne6l the order of the planets, their orbits, tnagnitudes and 

diftanccs. 
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diftances, tnd even the tppaant mtion of the fixed flirs, that it will be im 
poffible to remove one of thefe bodies out of its place, without difoidenng 
the reil ind even the whole univerfe alfo He alio leifoned upon giavitj 
and defines it to be “ a certain natural defiie, given by the Supreme Being to 
all the paits of matter, by means of which they tend to unite under the form 
of a globe ’ Hiving eftablilhed his fyftem, he made obfcrvationo and d&m 
paied them with the ancient ones, m older to coirctfl the Tables this 

puipsife he made himfelf a quadiant and paialladic ulers, and other inftiu 
ments defcribed by Ptolemy He made the preceffion of the equinoxes to 
be I in 72 years, the obliquity of the ecliptic 23 28' 14"', the excentiicity 
of the eaith s oibit 323, the radius being 10000 and the place of the eaith s 
apogee 3 6° 40 In treating of the letrogudation of the equinoxes he 

obfeived that it had not a libiatory motion, as Thebith imagined He re 
marked, that the obliquity ol the ecliptic decreafed, and olfo the excentiicity 
of the earth s orbit, and thence concluded, that thefe cncumftances depended 
upon the fame caulc He made the length of the tropical yeai 363^/ 4^ 

24 , which diffciing from the dctermin itions of Ptoltmy and Aebategnius, 
he concluded tint it was fubjeft to change In order to explaip the iircgula’ 
iiti^s of the motions of the planets, he retained the epiciiclcs of Ptolbmy 
He adopted PtoeemyU two equations of the moon, and having obfeivcd it s 
I?u allaxes he found the greatefl to be 65' 48 , and the Jeofl 50 19 and 
the coiiefponding diflances 52- and 68, femidiameccis of the eaith, the mean 
diftance therefore was 60, He atteihpted to get the puallax of the fun by 
the method ufed by Ptolemy and found it to b? 3', and thence the funs 
diftance 1179 femidiameteis of the earth The diameter of the fun m it 
apogee he mide 31' 48 and in its perigee 33 54' When the moon was 
in Its apogee 'sid in conjun<ftion 01 oppofition, he made Us diameter ^o, 
when in peiigee ^3 when the aoogee was in quadiatuies, the diimeteis he 
found to be 28 43 and 36 44 His gieat woik on Aftionomy is intitled 
yiJH ofiomitt InJ? out dill ^ and is divided into fix bool 3 Ihe Ji\/i contiin an ae 
^ count of his fyftem, and h*s reafons foi illuming it together uuh fome geo 
metric''! iheoiems, and the dqdtfine of pline and fphciical Tiigonomctiy 
The ftcond contains the doftime of the fphere The third tieats of the cqui 
noxes, folfticcs, obliquity of the ecliptic, the theoiy of the ^rth s motion, and 
the inequality of folai days The fourth truts of the motion of the moon 
"TheT^/i and fimlh aie upon the thcoiy of the pliiuts This woik was com 
pleted abotrt tl'e yen 13^0, Ijet it was with the utmoft difficulty that Iin 
fiicndbj^even in the httei port of his life, could perfuade him to pubhih 11 
<ac length howevcr'^theii entieities pievailed and he delivered it into then 
hands to be publnhed, and received a copy of it, only a few looms before 
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he died, which happened May 23, 1543* 

^^1301 Erasmus Reinold, born at Thuiing m the yen 1511, pubhOicd 
feveidl pieces on Aftionomy Xhc Pruflian X'lbles which hor publiihed for the 
meridian of Konifberg ne fud, by M de la Lande, to be more coiieft than 

thoire qf CoiERNicus 

130^ ReinlRus Gemma, furnamed Frisius, was boin in 1508 Ht 
invented a new projeftion pi icing the eye in the vernal equinox, aijd pio 
jesting the ciiclcs upon the lolftitnl coluie He alfo wro^e two tiads on 
Afl-ronomy and*piopofed to find the longitude by the moon 

1303 ScHONTR was born at Caroldftead, and fiudicd Aflronofhy and 
mathematics at Nuiemberg He made two obfeivations on Meicuij , which 
were of gveal ufe to Copernicus He improved the methods ot making 
obfervations, explained the calendai, and publill t.d a defeiiption of the cailh 
by means of the tciicftiial globe He died in the yeai 1547 

1304 Jean Homelius was boin in 1518 He made many aftionomieal 
obfervations and amongft others, he found the height of the pole it Lciplu , 
which Xyc HO approved of Sulterus, a pupil of his, was the miftei of 
T^cho 

1305 Peter Nonius was born at Alcazar in Poitugil, in the yeai 149- 
He fiequently m ide aftionomieal obfeivations and being diffatisfied with tit 
inftmments then in ufe he invented i quadiint, and graduated it in the fol 
lowing manner He defciibcd feveral concentiic ciicles, the outeimofi lu 
divided into 90 equal parts, or degrees tlie next was divided into 89 eqtiil 
parts, the next into 88, and fo on hence the index of the quidianj; mufl 
left upon or very neoi fome one of the diviGons, fiom which he tafily com 
puted the degrees m the aic He wrote upon the twilight , upon invigicion , 
upon the propel ties of the ihumb lines on the globe , on iftionomicol inftiu 
ments, updn vinous aftionomieal piobknis gwe a dcfcuption of' a 
nautical plane fphtre, refolved a problem of Aristotli conccining i 
fliip driven by oars, and made fome lemarks on *he theorems of PuRBAcir 
He publilhcd a Xrevtift, of Algebra m the Sp^ilh language, at Antweio , mil 
proved thatOaoSnus was deceived in fuppofing that he had fqiiaied tin 
cucle, and doubled the cube by geometry He alfo found flic tunc of ilu 
year when the twilight is ftioiteft He died in 1577 

1306 Peter Aptian was born it Leifnig, in Pohnd, in the yca^ 1 * 49 ? 
He pubhOied a woik in 1 ^40 called the Cafo;reav Aflionomy .dedicated to the 
cmpcior Charles V and Ferdinand his btother, to fhow how aftidiio 
mieal problems may be rcfoKcd by inftrtiments He fhowed bow to obUiie 
the places of the ftors by the oftrolabe, and tiught herw to iieduft echples, md 
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delineate them on a plane He ©bfeived five comets, one in the yeai 15^1, , 
one in 15,2 one m 153^ one m 1538 and one in 1539 and he firft 
lemaiked that then tails ue always turned fiom the fun He died in 1552, 
leaving behind him an Ephemeiis fiom 1 334 to 1570 -unfiniflied 

1307 George Joachim Rheticls was bom in Rhetia He was a 
pupil of Copernicus, and in older to facihtate adionomicol calculation^ he 
began ts conftruft a'Table of fines, tangents and fec^nts, for e\ery tcyvfeconds 
of tbq quodiant, but he did not live to finifli the work^ He died at Caflbbia, 
in Hungary, in the year 1576 

ijo8 William IV Landgrave of Hefle, diftinguifbpd himfelf gpeatly 
by promoting the fludy of Aftronoray He applied dolely to this fcience, 
and attached himfelf to Christopher Rothman an aftronomei, and 
JosTHS Burgius, an excellent mftiument makei With this afliftance fie 
erefted in obfeivatoiy on the top of his palace at Caflel and furniflied it 
with qu idrants, fextonts, and various odiei mftruments , and widi thefe he 
made a gieat numbci of obfeivations which Hlvllius piefeiied to thofeof 
Tycho Fiom thefe obf^iiations he detei mined the latitude and longitude 
of 400 ftais, which he infei ed in a catalogue redtifying their places to the 
year 1393 He died m the yeai 1592 

1309 Gerard Mercator, born in Flandera in the year 1512, made 
"globw, and conftru£tcd a gicat many geographical maps 

1310 The next Aftronomer of any confequence was Tycho Brahe, bom 
' of noble parents at Knudftrop in Scania in the yeai 1546 When he was 

only fourteen years old he was ftiuck with aftonifhment at obferving an eclipfe 
of tlje fun to happen lo veiy neai the time it was predided , and it feems 
as if this led him to the fiudy of Aibonomy In 1563, he obferved the great 
conjunflirn of j.he fuperioi planets and in tracing the couifes of the planets, 
and comparing them tvHh the Tables of Alphonshs and Copernicus, he 
laW tint the Tables weie fubjeft to gieat eiiois In announcing the gieat 
conjunftion, the Tables of Alphonsus cued a month Novembei ii, 1572, 
he difcovcred a new ftai in Cajfwpeas Chan this flai was gicatei and moie 
bnllaint than Lyra and Proc^n, and was feen in the middle of the day , but 
at lengin t s biightnefe declined, and it died away giadually, and difappeaied 
in 1374 L was obferved by all the Aftionomeis in Euiope This ph<Eno 
menon excited T f cho to make a new catalogue of the fixed ftars which 
ccntaincd the phees of 777 reftified to the beginning of the yeai 1600 In 
Head ol the moon which was ufed to connedt the fun and the ftars he made ufe 
of Venm, os Walther had done before him Tycho being iccommended by 
• the Landgrave of Hefle, to Frederic II king of Denmark he gave him the 
ifland of Huenna, and fupphed him with money to build an obleivatory, to 

VoL II Mm furnifh 
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fumi(h It With inftiunients, and to fupport hitnfelf This Tycho very gl-idly 
accepted, and called the name of the building Utantburg It was fuinilhed 
with the bell inftruments, confifting of quadrants, fextants, circles, Eflmilla., 
parallaftic rulers, rings, aftrolabes, globes, clocks and fun'^dnls Thefe m 
ftruments were of exgsllent workmanthip ind far moie accurate than any 
whiph had been befoie made Moft of the divilions were diagonal but be 
had on^uadrint divided according to the method of PIter Nonius The 
whole expcnce is fud, tohave amounted to 200000 ci owns Heie TycHo 
made all his obfervations of the ftais comets and planets, even to Merrury^ 
which CoPERNi»U3 had never been able to fee He firlt dcteimincd the 
place of a fLir by obferving its azimuth and the time of piffing ovei it, 
but his clocks did not give the time with fufEcient accuiacy, he theiefore 
determined the place, by obferving its diftance from two known fixed ftais 
In the courfe of the obfeivalions, T\cho made a very impoitant difcovery, 
that of the rcfraiStion of the an , and this he found fiom compiling the height 
of the equator as detei rained fiom obfeivalions of the folflices, ind of the 
circumpolai ftirs, foi he found that they conftantly differed by 4, this he 
imputed to the reffadlion of the air He made the hoiizontal icfi idion 34', 
and at 45 altitude he liiade it nothing , and calcul ited a 1 ible fliowing the 
refiaftion at all altitudes up to 45 He conftiufted new Tibles of the fun, 
and deteimined the preceffion of the equinoxes to be i in 71 years he alfo 
found that the latitude of the fiars fince the time of Timocharis and 
Hipparchus, had varied thus he difeovered that the ecliptic was fiibjcdt 
to a vanation The theory of the moon alfo engaged his attention, and he 
difcoveied a thud equation, called the Vanatton He alio found that the 
motion of the nodes was not uniform , and that the inclination of the orbit 
was vaiiable, tlie leafl inclination he made 4 58' 30', and tlie greateft 
5 17' 30', which is a great pioof of the goodnels of his obfervitions He 

very happily repicfented the vaiiation of the motion of the nodes and of the 
inclination, by the motion of the pole of the lunai 01 bit in a fmvll circle 
riiefe difcoveiies relating to the moon do him gi;fat honour He obfcived 
a comet in the year 1577, and difeovered thit it had a parUlax of zot, ind 
thence concluded that it was about thiee tim« as far from us as, the moon 
He conjedtured that thej revolved about the fun The fyflem which hi" m 
vented we have already explained He made the obliquity of the ecliptic 
^3 3^'' 30' > ind found the length of the fidereal year 365^^ 67 ; 9 26'''45 
and the nopical 365^7 48' 45', which is within f 01 3' of the pielent 

determination He found the diamctei oi the lun in apogee to be 30', ind- m 
pengee 3a', and its mean diftance 1 1 30 femidiaraeters of the earth •'Upon 
the death oi Tredbric IT it wis reprefented to the joung king that the 

treafury 
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trcarfutv wa9 cihRuftcd and that Jt was neccflary to reticnch the penfioDS > m 
confeqpence of this, Tycho was depnved of his , upon which he removed to 
Copenhagen with fuch of his inftruments as he could cairy, but he theie 
received an order to difcontinue his obfervations Upon this he went to 
Holftein, and was introduced to the emperoi Rodolphus, who fettled a 
penhon of 3000 croons upon him, and gave him a magnificent ho^,Aere 
' he renewed his ftudies, and the fiimous Kepler, who called him le Hip- 
parchus of his age became his fcholar and afiiftant He died Odhober Z4> 
1601, in the fifty fifth year of his age, folacing himfelf that he had not hved 
in vaiq, and that his labours would redound Jo the gloiy of God 

1311 Longomontanus was a pupil and afiiftant of Tycho at Uianiburg 
He afiifted him in his catalogue of the ftan, and in his theory of the moon 
He aftei wards went to Copenhagen, and was made profeflbr, and accoutred 
great reputation by his aftionomical knowledge He died in the year 1647 

1312 Kepler was born at Wiel in Wirtemberg, the 27th of Decembei, 
in the year 1570 He began to ftudy Aftionomy veiy eaily, and had a turn 
for fceking analogies and haimonies in nature , and having, as he thought, 
diftoveied a cuuous one, he pubhfhed it in 139^1 Rud fent it to Tycho, 
who, although he difapproved of the work law fo much ingenuity in it, that 
he fent for Kepler to reCde with him at Prague, and fiom the obfervationa 
of Tycho, he made his important difcoveiics He made tlie refradlion the 
fame for alj bodies at the fame height, and did not agree with Tycho, that 
there was po lefiadtion above 45 he alfo obferved that it was different on 
different paits of the earth He pubhfhed a Treatife on Optical Aftronomy, 
in which he treats of parallax, and the calculation of folar echpfes, and ap 
plies them to find the longitude on the earth s fuiface He fpeaks of gravita 
tion, and applies it properly to the cafe of the eaith and moon, and to the 
jiaufe of the tides (220) He diredted his attention to the motion of Marf, 
and pubhfhed a wo^k entitled De Moubus Stella Miartfs He firft employed 
a circular orbit, and determined its excentiicity , but by compaiing fome 
diftances of Mars from the fun from obfeivation, with the computed diftances, 
he found fo great a difagrcenr^nt, that he concluded the oibic was not a circle, 
he then fuppofed it to be an ellipfe, and found the calculated diftances agieed 
with tliofe deduced from obfeivation , hence he concluded that the planets 
revqlved about the fun in ellipfes, having the fun in the focus (217) Having 
deteTuined the pqiiodii times and mean diftances of the pluiets, he difcoveied, 
by trial, tlie famous law, that the fquares of then pel iodic times aie as the cubes 
of thpir mein diftances He alfo found, tint in the apfides the areas defenbed 
by the planets in equal times were equal and he fuppofed that the fime was 
II ue at every other point, and thence he concluded that the planets defcribe 
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about the fun equal areas in equal times Thefe thiee important dilcoverics 
aie the foundation of all plane and phyfical AHionomy He folvqd the 
problem, now called Keplers Problemf of cutting off frofn an ellipfe by a 
line drawn to the focus, an arei equal to a given uea He alfo announced 
the paflage of Mercury bver the fun in the year 1631 , and the nanfits of Venus 
in 1 03 and i y 6 1 The works which this celebrated Aftrpnomer publilhed are , 

I Cofmognphical Myfteiy, m 1596 

a Optical Aftionomy, in 604 

3 An Account of a new Stoi m Sagittaiius, in 1605 

4 On the Motions of Mais in 1609 

5 DiflertaLions with his Nuncius Sideiis of Galileo, m i$ii 

6 New Lphemens, from 1617 to 1620 

7 Thice Books on the Copcrntcin Aftionomy tn 1,618 

8 The Humony of the Woild, and three Books on Comets in 1619 

9 Tliiee moie Books on the Copernican Aftronomy, m 1622 

10 Rodolphine Tables, in 1627 

Befides theft he wiote ftvenl things in C^tonologyf the GtomeUy ef Sohdtf 
'Tngoaometry, Logantims, and Dtopittes ^ 

1313 Napiep, in the year 1614, publiflied his invention of logauthms, 
a difcovciy of ineftim ible ufe in the piadlict. of Aftronomy 

1314 About this time li\ed BtYLR, an Aftronomei at Aufbouig m Ger 
many, who rendeied hirafelf memorable m Aftionomy b} his woik, entitled, 
Uimomdria which is a very complete celeftial atlas contiinin^ ill the con 
ftellitions vilible in Liiiope, in this the ftars ate marked with the Gieek letteis 

1311; tiARSBERGiLs, bom at Gand in 1360 publiQied a ftt of aftrono^ 
mical Tables in the jeoi 1632 , and in i66j feveial oil er woil s of his weie 
publiflied 

iji6 ScHiKARD was born atWiitembeig he*madc many obftivationsv 
and compoftd fcveial works upon Aftionomj He died in 16^^ 

1317 Horrox was born at Iloole neai Liverpool He -yid lisfiicnd 
Crabtrel weie tliL fiift peifons who obfeued a tianlii; of Venus ovei the 
funs difc, this tianfit liippcned Novembei 24 1639, accoiding to his^wn 
prediftion An account of this he wiote and cntuledoit tn^Solfvtfa^ 

which was publiflied by Hrvi Lius He gafe a new tliLOiy of tile mooji, 
making it mo\e in m ellipfe about the eaith in its^foous Fiom obfeitations 
on the diameter of the moon, he founl thif its apogee wa fubjtift to an 
annual equation of la ,5 This extiaordmory ydun^ man died in 1641^ about 
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the age of years Hia poflimtaous works, pubhQied by Wallis in 1673, 
are, Aftionomia Kepleriana defenfa ct promota Exceipta ex Epiftobs ad 
Crabtra-um fuujp Obfuntionum caileftiuin catalogus Lunie theoiii, nova 

1318 William Crabtree, the friend of Horrox, lived at Bioughton 
near Manchefter ho obferved the tranfit of Verna m 16^9 , nnd made many 
aftionomical obfcmtions, fome of which weic publifljcd m the worlw of 
Horrox He diedln 1641 

1319 Galileo VI 03 bom at Florence in the yeii 1564 He difcoveied 
the laws by whii-h bodies falling freely ore accelerated and the ufe of the pen 
dulum foi meafuiing time Having heard of the inventioi of the telcfcope, 
he, by confidcnng the principles of lefradbon confliudted one which mognified 
moie than 30 times With this he imnicdiotely difcoveicd. the fpots in the 
fun from which he faw that it had a rototion about it s oxia he fow olfo vo 
nous new appeal ances upon the face of the moon, from which he concluded 
thot it w os oeiy rough with hills and vollies He olfo found thot Vtttis pqt 
on the fome phofes as the moon And moking hi obfeivotions upon Juphr^ 
he foon difcovcied thot it hid four moons Afteiwoids he thought of making 
uH of them foi finding the longitudes of ploces upon the fnifice of the eotth 
He olfo difcoveied os he thought, that Satwru wia cithei oompof d of thice 
bodies, or thot i( was in the fhape of an olive, os he exprefled it Upon 
direftmg his telefcopa to the fixed fUis hp was furpnftd to find thot, mfteod 
of being magnified they weie dimmifhed, oppeaiing only as points He wos 
t zealous drfender of the Copemican fyftem, for which he wis peifccuted, 
ond call into pnfon He died m the j eat 1642 The pnncipol wojks which 
this greot man pubjiflied, ore 






1 The OperMions of the Compofs, geometricoi ond militoiy 

2 A Difcourfe on the Eloaiing of Bodids upon, ant^ theii Subiijeifion ip 

Water ' 

3 Mechanics, or the Benefits derived from tli it Science 

4 Ills Baloncc for fining the Piopoition of Alloy, 01 mixed Mctols 


3 His Nuncins Sideiis 

6 AContmuotion of the lift Work, contoining his 3 ifl Obfcrvotions on 
Solum, Mils, Venus otid the Sun i t 

7^ A Ldttci coiicerning the Libratioh of the Moon 

8 On the Soloi ^puts, with on Ephemciis of the Motions of Jupjtci’s 
S'\lcUites " 

9 Problems in Mathemotics 

10 Mithematicol Difcouifes I 

11 A licotilc on the Mundinc Syflem 1 jj 
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1320 Le P ScHEiNER, the aflbciate "Df G4.LILE0, made a gi eat many 
obfervations upon the folai fpots, which he pubhfhcd in a work entitled, 
Rofa Urjina He was the firfl, who paid attention to the ^elliptical figure of 
the fun when near the horizon He died in 1650 

1321 Godefroi Vendelinus an Aftionomer in Holland, publilhed 

in aDifleitation on the obhquity of the ecliptic, and eftiblifhed its 

variatioi He was tlie fill who reduced the paiallax of the fun to 15*', by the 
method of Aristarchus 

1322 Gassendus obfeived the tranfit of Mercury over the fun on Nov 7, 
1631, and took fcveial meafuies of it s diftance fiom the ceitcr of the fun 

1323 Ricciolus, a Jefuit, was a man indefatigable in his aflidnomical 
purfmts He publilhed a work entitled Almagejlum Novum^ containing a 
colledtion of all the known obfervations the methods, the deteiminations the 
opinions and phyfical explanations of the phienomeni He publilhed alfo his 
Aftronomta reformata, and Geographta reformata, containing veiy valuable col 
Icdlions He attempted to meafure the eaith His death happened in 1671 

1324 Pevresc, the proteftor and friend of Gassendus, was boin m 
1580 He difcovered the times of the revolutions of Jupiter s fatellites, but 
announced that they were not vciy accuiate He alfo confidcred their con 
figurations, and the method of finding the longitude fiom them 

1325 John Baptist Morin, bom at Villcfianch in 1583, diftinguiflietl 
himfelf by his attempts to difcovei the longitude by means of the moon 
His method was good in theoiy, but not pradicable, on this account he 
could not obtain the icwaids which hod been offeied for the difcovery 

1326 Seth Ward, bitliop of Silifbuiy, was boin April 15, 1617#, He 
was for fome tune of Sidney College in this Univerfity and afteiwaids went to 
Oxford, where he was made Savilian Profeffor of Aflronomy In invcftigating 
the place of a planet, he fuppofed that the motion of a body in an ellipfe was 
uniform about the other focus (that focus in wl ich the fun is not) , it appears 
however that Bueltaldus had advanced the fame eight yeais befoie, and 
it IS fiid that Albert Curtius firft fuggefted it It is called however 
Ward s Hypothejis lie publilhed a DifcQuife concerning -Comet?, an 
Enquiry into the Pimciples of Bullialdus s philolaic Aftionomy on Tn 
gonometiy and oq Gcometiical Aftronomy He died in 1689 

1327 Andrew Tacqjiet was born at Anveis, and wiote fome good 

dementaiy things in Aftionomy He died in i6$q , 

1328 Thomas Street an Englilhman, wygte a Treatife torxtltS AJlrononaa 
Ciitoltm, which weie in ufe for a long time They firft appeared in 1661 , 
and an edition of them was publilhed by Dr Haller in 1710 He con 
ftrufted the Logifitc logarithms 
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1329 Azout was the inventor of the micrometei with a moveable wire , ■* 

and he and Picard applied telefcopes to quadrants He alfo made many 
obfervations which aie lecoided by Monnier m his H%ftotre Celejle He 
died m 1691 

1330 Alph;on8US Borelli was born at Naples in 1608 , and in the year 

1666 he publifhed a Theory of the Satellites of Jupitei ^ 

13,1 Vincent Wing born in Rutlandfliire in 1619, publiftie work 
entitkifl, Ajtronomia Britamtca, containing many ufefwl Tables and obferva- 
tions 

1332 Nicolas Merca-tor was born at Holftein He publifliea his 
Cofmography in 1651 , his Aftronomical Inftitutes m 1676 , and his Loga- 
rithmotechnica m 1678 

1333 Bollialdhs was born at London m 1605 He made many aftro 
nomicil obfeivations and publiflied a valuable woik, entitled, AJironomta Pin- 
lolaica He attempted to explain the three inequalities of the moon, accoiding 
to the idea of Hotrox 

1,34 Michel Langrenus of Anvers, mathematician to Philip IV 
king of Spun dillinguiflied himfelf by his obfervations on the fpots of the 
moon , thefe he made fubfervicnt to finding the longitude of places on the 
earth s fuiface, by obferving, m a lunar eclipfe, the times at which the Ipots 
entered the fiiadow 

1335 John Hevelius was born at Dantzic, on January 28, 1611 In 
1641, he founded an obfervatorv, and fiiinifhed it with the beft inftrumen-ts 
that could be prociiied Some of them wcie divided into every five feconds 
by a divilion fimilai to that of the verniei Of thefe he gave a defciiption 
in his Machtna Cahjlis The obfervatoiy with all the inftiuments and books 
which werS in it weie deftioyed by file, on Septemb r 26, 1679 The 
damage was eftimated at 30000 ciowns The fecond pait of his Machm 
Celeftts 13 very Laice neaily the whole impuflion having been buint He 
publilhcd a great woik, entitlpd helem^aphia or a defci iption of the face of 
the moon and it s Ipots, with \ery fine engiavings He completed the ex 
plananon of the libration of th^^moon which was begun by Galileo adding 
that of the longitude Dr Haliey went to fei. him in 1679, and was 
charmed with ihe accurac) of his obfeiaations He publifhed his Cometogra 
phta in 1668, containing i catalogue of all the comets which had been ob 
feive^ with many new obfeivitions and curious relcarches lefpcdling their 
natuie Tie pulplifhed a work, called Prodromus AJironomta et nova Tabula 
folares uni cum tniegiojvarutu Catalogo» from his own obfuvations, his catalogue 
contains 1888 flats He died January 28, 1687 
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1336 HtriOEKs was boin in 1629 His fiiA woik wis his, 
Saturmum, in which he has explained the aaiious appcaiances of Suuin s iing, 
and in the fame woik he announced the dikovciy of afvtellitc of the lame 
planet In a work entitled oJciUatonm , he cxphincd the metho 1 

of applying pendulums to docks, fo that the time of all thf aibutious 
fhcyblc^e equal He wa the firft; who inveflij^ited the «. ntei of ofcillation 

133; Robert HoOk Wis born in 16^^ He invented the /cnflhlcdtoi 
in oidei to difcoiei vrtiethei the earth had any Lnfihl annul} piiilhv 'md 
tlus led to the difcoveiy of the aberiation of light in the fixed ft us He alfo 
difcovcicd a fpof upon Juptter in 1664 and made mtny othci ohluivations 
He was the fiift Who foitn^d the idei of miking a quadi int to til i an^ic by 
leflexion 

1338 David Gregory was profelToi of Allionomy at Oxfoid He pub 
lifhed a Sjftem of Aftronomy m which he explancd lome puts of Sii I 
Newton s Punnpta He died in iyo8 

1339 William Whiston was Lucafian piofelTor of mathematics at 
Cambridge He publiflicd his Iheoiyof the Earth in 1696 ind in 1707, 
he publilhcd his Ledlurc on Aftioromy 

1340 John Dominic Cassini was bom at Pcrinaldo on June 8, 1625 
In the fitting out of liis lludies a book of Aftionomy fell into his binds, 
which greatly attiadcd his attention, and led him to the purfuit of that 
fcience and he was vciy euly appointed profefloi of Aftionomy at Bologna 
Heie he found a meiidian line m the chuich of St Petionia but it not being 
coired, he obtained leave to redify it With this he dt-tci mined the obliquity 
Of the ecliptic, and the quantity of the tefi a£ti6n of the an He alfo difeo 
Vfefedwuh It, the unequal motion of the fun, and conftrufted newfolu Tables 
He refolved the pioblem to find the elements of the oibit Of a planet fiom 
chice obfervatiOns He taught the method of calculating eclipfcs and con 
ceived a projedtion which ferved to find the longitude of places upon the 
daith’s furface He compofed a woik upon comets fiom thofe which he 
obfeived in 1664, and 1665 In 1665 he difcove^ed the rotation of lupthi 
and Mats about then axes, by means of theiijpots, and afterwnids he difeo 
vered the rotation df Venus He employed himfelf upon the Iheoiy of Jupi 
tei s fatellites, and pubbflied Tables of then tnoiions And from compuing 
the obfervations of then eclipfcs wiih the times os colcuhteid fiom thefe fables, 
they weie found to agree mucli bettei than was exp6£tpd Afr the requeft of 
Lewis XIV he went and fetded at Pans md ♦he Roy^ ObfeTvatoiy wa 
erttrufted to his care and m 1671 he began to make legular obfei^iibns 
In the Elettiens d AJlronoTtite, by his fon, Wifibid that thefe obfervations weie 

upon 
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upon ?1 j^ equmoYes, folflices, o^ofitions and conjunftions of the planets 
Jn 1672, he deteimined the paiallax of the fun to be 9- and m thejcais 
1671, 1672, and 1684, he difcoveied four of the fitellites of Saturn, and 
furthei obfeivaticyls fliowed him that the fitth fuellite difippeaied rcguhiljr 
for about half a revolution, when it was to the eijft of Saturn, fiom this he 
concluded that it levolved about its axis andSii I Ncwton further ^on 
eluded, t;hat the time of it s rotation was equal to the time of it s re^ 'lution 
about Saturn He obferaed a belt upon Satuin and a black maik upon the 
nng paiallel to it,s edge, dividing it into two equal paits He alfo gave new 
Tables of the fatelhtes of Jupitei and difcovered that the duiation of the 
eclipfe''^f thefe fatellites was vaiiable incieafing in length for thiec yeais, and 
then decreaCng in length foi the fame time this proved to him that then 
orbits were inclined to the orbit of Jupiter'' Upon examining the difc of 
Jupitei he difcoveied that it was not a circle and by meafuung the diame 
ters he made them difici the fifteenth pait of the whole He gave a new 
theoiy of the libration of the moon, which he explained by two movements 
about two diffeicnt poles In the yeoi 1683, he difcovered the zodiacal light 
Thefe gieat and impoitant difcovenes form an epoch in the fcience of Afl.ro 
nomy He died Scptembci 14, 1712, leavmg foi his fucccfloi his fon John 
James Cassini 

1341 John Picard was boin at Anjou He and Auzodt were tlie fiiffc 
who put telefcope to quadiants In the year 1669, he gave a meofurement 
of the earth and m 1673, he eftabliflied the Royal Obfeivatoiy, which had 
been committed to his caie In the Htjlotre Celefle, the leadei may fee his ideas 
foi improving Aftronomy He publiflied the Connotjjance ties "Temps for 1679, 
and died m the yeai 1682 

1342 Romer, or Roi MER, was born in Denmark m the yeai 1644, and 
came to Fiance in 1672 He difcoveied that bght was piogieffi\c, from the 
eahpfes of Jupiter s latellites In 1681, he letuined to Copenhagen, and died 
in 1710 

1343 Philip De h Hire was bom at Pans in the year 1640 and m 
1687, he publifhed his nflionoraical Tables, he likewifc made a gicat number 
of oftronomicol obfcivations 

ij44 John Flamstead, the celebrated Englifli Afiionomer was bom 
at Derby Auguft 19, 1646 In 1669, calculated fome echpfes of the fixed 
ftirSiby the moon, and,fent them to the Royal Society, and received the 
thanks of rtiat jpody In 1673 he wiotc a fmall tiadl on the dtameters ol the 
planets, when at then gieatcfl! and leafl. diftances from the caith “ which 
I lent, fays he, to Mr Nr w row in 1685 who has mode ufe of it in his 
louith book of his Pnmpta Vhl Nat iSlathmat ’ By the time he was 
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26 years old he cYphined the tiue puncip]|t.s of the equation of time, 'k tl>in^ 
of the firfl. impoitance m Aftronom} Charles II hiving built in obfci 
vatory it Gieenviich, Mr Flimstead \v appointed Aflionomei T\iOj il m 
the yell 1676 it the lecommendition of Sii I More A^dclciiption of the 
inftiuments with which the obfeivitoiy wis fuiniflied is given ih the Ptolego 
men^ to the third volume of the Hiftotta Caleflts which was publiflird m 1725 
A vd^cne of his obfeivitions were publiQicd in 1712 by Di Hali ri, by 
the oulei of queen Ann this difpleafcd Flamstlad, ind he lu about 
prepuing his obfeivitions foi the pids but he did not live to hniih the woik, 
ind It was piintpd iftci hi death The fiifl: volume of this gi eat w oil con 
tuns the obfeivitions which he made fiifl it Dciby and ifteiwiids i1«Oiecn 
wich upon the fixed ftus, phnets, comets, fpots of the fun, and the fitcllitcs 
of JupiLer» dutmg 33 ycais The fecond volume contains the piflipe 01 the 
fixed ftirs and phnets over the meiidian with the places of the phnets d duced 
from them The thud volume contains a piolegomeni on the hifloiy of 
Aflronomy, giving 1 dcfuiiption of the infbrumcnts ufed b^ 'liciio and him 
felf, a catalogue of the fixed ftar of Ptolemi, of Unucir Bi loq, of 
Ticho, of the Landgrave of Heflc of IIevelius, of the fouihcin flir 
which had not been obferved above our horizon and hflly, the Liitifli cita 
logue of 2884 fills, with then light afccnfions, noith pohi diflinccs latitudes, 
and longitudes, and the annual lariitions of the right afccnfions and noith 
polir diflanccs lo thefe aie added feme oflionomical Tablis conftiudled b/ 
Abraham Sharp This gieat noik is an invaluable tieafuie to Aflionomeis 
His Atlas C-eleJiis was pnbliflicd in 175^ He gave new lohr Fables , and a 
theory of the moon accoiding to Horrox He alfo publillied i Ircitife on 
the doftiine of the fpheie, in which he fhowed how to confliufl. eclipfes of the 
fun and moon, and occultations of the fixed flais by the moon Dr Hat lly s 
Tables and Sir I Newton s theoiy of tiie moon were Touiided on Mr 
Flamstead s obfeivations This gieat Aflionomer died Odlobei 31, I7i9« 
1345 Sit I Newton, the found r of phyficil Aflronomy, wa born 
Decembei 25, 1642 In the year 1660, he was admitted at Tiinity College, 
Cambridge, and in 1667, was chofen fellow of that fociety, and in 16^9, he 
was eledled Lucafian piofclToi of matliematK?*', upon the iclignTition of Dr 
Bart oav His great woik, entitled Phlofophue Naiuralts Pnnctpa MathenutUca 
was fiifl pubhfhed m 1686, and another enlaiged editien was publifhed in 
1713, with a picftce by Cotes In this woik he unfolds the law of ittiodUon, 
and fhows how it will folve the motions and the puncrpal phanoipona of the 
different bodies in the fyftcm And the fame principles have been fince fuishcr 
applied, and flhown to be competent to account foi all the fmill yiequahtics of ^ 
the motions of the heavenly bodies His philofophy is founded upon expeii 

ment 
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nocnt ind dcinonflj'^tionj “ind theictoie its tiuth. cuinot be coiitroveited His 
fre-itiib on Optics alone would Inve immoi tilized him To enumerate his 
various dilcoveriee’, and the extent lo which his piineipks leid is heie uii 
necelFuy "is they hive ilieady appeared in the couife of this woik His in 
ventions ilfo in pure mithemiticb are well known to hive been no left important 
than thofc in philofophy and by a union of thefe;^ the progiefs of ^Htnce 
feemSito be unbounded His deep infiglit into nature led him but the more 
to adore its Author He Ipent a confidenble part of In life in examining 
the facied recoids, and that examination confirmed him in^ his belief of the 
lelatioiu cpntained in them He died Much lo, and was buried in 

Weftminftei Abbey 

1^46 Roger Cotes wa boin alBuibage in Leiceftcifhiie, July 10 i68z 
He was educated at Tiinity College, Cambiidgt, and in the yeai 1^06, 
was elcdted PluMtan ProfeCToi of Aflionomy and Expeumental Philofophy, 
being the fir fl. who was appointed to that ofiice In the yeai 17^ j 
liQied a iccond edition of bn I Newtou s Pnnctpia and infcited all the 
authoi 3 improvements To this edition he prefixed a picfice in which he 
explained the tiue method of philofophizing, lliowed the loundation on which 
the Newtonian philofophy was built, and lefuted the objecbons which had 
been made to it This extraordinaiy man died in 1716 

1347 James Philip Maraldi was boin Augufl. zi, 1665 He deter- 
mined the letiograde motion of the nodes of Jupiter and the progieflSve 
motion of It s aphelion He alfo coriefted the theoiy of Mars In 1704 he 
perceived that the motion of Saturn was diminifliing, and in 1714 he gave a full 
explanation of the phanomeni of it s iing Piom obfeivations on the eclipfcs 
of Jupitei 3 fitelhtes he concluded that the inclinations of their oibits weie 
fubjed to a vaintion This cnqliiiy was puifucd till his death which hap 
Peiled in 1729 He left a nephew John Dominic Maraldi, who obferved 
a V Illation in the inclination of the 01 bit ol the third fatcllitc, and an excen 
tricity of Uk orbit of the^oulth 

1^48 At this time lived Mi Pound He meafuied the diameteis of 
Jupitei and found them tobeasia ij, and publiflied new Tables of the 
fiifl- Iitellite, Foi the computation of its eclipks making the equations all 
additive He 1 edified the motions of the latelhtes of Satuin, and made 
foihe^ficcumte obieivations on them He alfo made fuithei agronomical ob 
feivations? as may be feen in the Phtl Ti nf 

1349 About the lime time lived Gaprili Philip de la Hirl, who 
examined the motions 01 [upitei, and found that the piogicCfiac motion of it s 
aphelion, as ‘ia*n in the Rodolphine Tables, was too flow He alfo con 
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firudcJ 1 of crofs wires m the focus of the objeft glift, of a telefcopc, 
foi the obicrvafion of echpfes 

1350 Francis Bianchini, born at Vcroni on Dergmbei 1662, 
pubhlhed n, work oh the lotation of Venus He alfo mide a great many ob 
fuvations 

13 ya De Loville was bom July 14, 1671, and made many aftronomical 
obfcivations at Pan He was the fiiil who applied the miuometei fo the 
quadiant ^ 

1352 The cckbiated Aflionomei Di Fdmund Hallly was boin 
Novembci 8, 1656, and enteicd at Oxford at the age of 17 yeais Tty® yeais 
aftei, he publiQucd a duedt and geomctucal method of finding the aphelia 
and excentncitics of the oibits of the planets At the age of 20 ycus he went 
to St Helena to make a catalogue of the fouthein ftars, which he publifhed 
in 1679 During his ftay there he obfeived the tianfit of Mtrm^y over the 
fun s dilC] and that fuggefled to him the idea of finding the parallax of the 
ion by the tianfit of Vtnm over its difc, this important pioblcin he folvcd, 
and recommended to future Aftronomers to put it in pradtice Had he done 
nothing elfe in Adronomy, this would ha\e immortalized him In 1679^ he 
made a viht to IIevelius with whom he flayed and obfeived for fomc time, 
and letuining home, he fbon aftei let out to make a lour upon the eontinenCn 
with Ml R Nr ISON, his Ichool fellow In his way fiom Ciliis to Pans, 
he obfeived the lemaikable comet in it s afeent fiom the fun, which he had 
before obferved m itsdefeent Upon his 1 etui n, he maiucd and fettled at 
Iflington, wheie he fet up his aftionomical inftiuments In 1683, he pub 
hfhed his theory of the V ariatton of the tnagnetual Cotnprfs in which he fup 
pofes that the eaith has four magnetic poles In 1684, he turned his thoughts 
to the fubjedt of the loUtion between the periodic times and diflanccs of the 
planets, and concluded fiom it that the centripetal force muffc vaiy inveifidy^ 
as the fquaies of the diftanpes, but not being able topiovc it, he applied to 
Ml Hook and Sii Christopher Wren they however not being able to 
give him fatisfadlion, he went to Cambiidge to Mr (afterwards Sir Is4,ac) 
Newton, who foon gave him a pioof of his'^pofition Di HlA^LrY be 
coming acquainted with Mr Newton, he pcifuaded him to publifii hu 
Plnlofophia Natiaahr Pnnapta MathemaUca and undertook the caie of the 
publication In 1685, he publiflicd the method of finding altitudes by»the 
barometer, and m the next yeai came out his account of Miff trade wtmds and 
monfoons He alfo publifhed a map, reprefeJt ng then diiedbions In the 
year 1687, he undeitook to explain the reafons why the Mediterranean Sea is 
not obferved to fwell, notwilhftanding there is no vifible difcliiuge ot the pro 
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digious quantity of watci which runs into it fiotn fo many large livers, and 
the colftant fetting in of the current from the ftieight He conftruftLd 
equations of thie^'and four dimcnfions , and gave a lulf* for approxitnating 
to the loots of equations He next undeitook to ptblilh a coired Ephemeris 
foi 1688 In the beginning of 1691 he publifhed 1 ibles of the conjunftions 
Metctity and Feim with the fun The next ycai he pioduced his Ta' 'f'for 
' fliowing the value of annul tie foi life, founded on the bills of moitality, and 
foon aftei, he publiQied his univerfal theorem foi the foci of lenfes Wifhing to 
make obfeivations in ordei to determine the vaintion of the ijetdle he applied 
to king William III who appointed him captain of a vcflel with piopei 
alBftants He cioffcd the line and pioceeded as far as 52 fouth latitude and 
in his way back he touched at St Helena the coaft of Biazil Cape Verd 
Barbadoes, Madeira, the Canaiies, the coafl. of Baibaiy, 8^c And on his 
return home, he publifhed a chart with curve lines denoting thevaiiition of 
the compafs Soon vftei this he went out to obfcive the couifc of the udes in 
the Britifla channel, vith the fituitions of the piincipal head hnds Upon the 
death of Di Walli he wi appointed Savilian Piofcfloi of Gcoinctiy at 
Oxfoid, and, by lequeft, he triuflaled Apollonius fiom the Aiabic into Latin 
In 1705, he announced the return of a comet m the yeai 1759, which Inp 
ptned accordingly within about a month of the time he piedifled He had 
the glory of being the fiift vilio foretold an event of this kind, and it is the 
only one which has been piedidled and the predidlion fulfilled He pubhihed 
a Synopjis of the 4 ftronomy of Com ts In 1 71 ,, he was ippointed fecretary to 
the Royal Society peifeamg the tliLOiy of the moon was his gieat 

objedV, he was now determined to complete it, and in 1711;, he finifhed it, 
fo far as legaidcd the fyzjaies lo that his calculation of eclipfe anfweied to 
a degree of accuiacy which had nevei been bcfoie experienced His reputation 
whs now fo gieat, that upon the death of Mr Tlamstead in 1719 he w is 
appointed the Aftionomei Royal atGicenwich, in which jcai he publifhed 
new lables of the fun, moon and planets This ga^e him an oppoUunity of 
compl ting the theoiy of the moon s motion He theiefoic immediately fixed 
up a tunfit^inftiumcnt and bc^an his obfcrvations and though he was then 
in the 64th ye a of hi age yet he attended to obfeive the moons tianfit for 
li8 yeais ifi iwaid in the hi ft nine years of which he hiade 1500 obfeiva 
tiona ^which he annoui\ccd to the public and fhowed how they tended to 
eorredl the-thcqi} of tne moon In ihe yeai he piocuied a muni qui 

draht with which he alfo obfei ed Upon the accefhon of Georot II to the 
« throne his confbil. Queen Latoline, made a vifit to the Royal Obfeivatoiy 
t Greenwieh an^ was much plealed with the reception (lie theie met with 
and Dr Halley hwing formcily fciyed as a ciptain in the navy, flieob 
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tamed for lum Ins lulf pay fbi tint commiffion, which he enjoyed dii j 

lift An offei wis madt him of being mathemuical pieceptoi to thi, Duke 
of Cutnbeihnd but he declined that honour by reason of fits igc and alio as 
It would mterfeie witl^his duty it the obftr\aioiy In 17-9 he wis admitted 
a tqjLagn merabei of the ac demy of fciences at Pans m the loom of Signior 
BianJNini Aftei hia,deith (\ahich happened the 14th of J mu uy 1742) 
M Mairan leid an^elogy on him befoie the academy, m whieh he Ipeaks 
of the univeifility of his genius as comprehending a knowledge of dmoft all 
the fciences, aftienomy, geomctiy, algebu optics aitilleij Ipeculative and 
expel imental philofophy, naluial hitloiy, antiquities, philology and crffieifm , 
abounding with ideas nevi, lingular and ufeful And concludes with obfeiving, 
that he had all the qualifications necdlaiy to recommend him to the attention 
of piinces, and the applaufe of die Icained He was buiied at I cc neai 
Gicenwich 

13153 John James Cassini (fon of Toiin Dominic Cassini, befoic 
mentioned) was boin at Pius Febitiaiy 18, 1(177 ^nddied Apiil 15, 1736 
He pubhflied a Syflem of Aftionomy, with aftionomical Tables, aveiyvilu 
able woik A gieat put of this was founded upon the obfeivations of his 
father He alio publifhed many othci things in ihc difleient Memous 
Ca:sar Francis Cassini de Thury his fon died in 1784, ofcei having 
mode a gieat mmy ufclul oblervitions in Aflionomy John Dominic 
Cassini (Ion of M de 1hur\) is now at the obfcivatoiy of Pius 

1354 BouruTR was bom at Cioific Fcbiuary 10, 1698 His lieiiifl on 

the figuic of the earth is a valuable woik He, Godin, and De li Conda 
MINE went to South Ameuca to mcafuic a degiee , and in oidci to put the 
dodtiinc of univeifil attiadlion to the tefl, they found that- the Coidilleiis 
aftually attiadted the plumb line and drew it fenfibly fiom its peipcndicuhi 
pofition ^ 

1355 Maupirtius wis bom at St Molo Scptembci 28, 1698, and i^ 
celebrated for his journey to Liphnd in 01 del to mo-ifuic a dcgiee of latitude 
His colleagues weie Clairaut, Camus, Le Monnier, the Abbe Ouibilr 
and Celsus Maui ertius publifhed alfo the Elements of Geognphy, and 
Niuticol Aflronomy He died in 1759 

1356 De laCAiLiL was born in 1713, and was on£ of the fiifl Aftio 
nomers of his time He pubhflied an Ephemeris^ Tables (oT iho 

a Catalogue of the fixed ftais on Parallax, ^efiadfion, and Ihe^'Figure ol 
the Earth , on Comets and Lelipfes His obfervations may be found in the 
Mmoires de I Academte He went to the Cape to make obf9ivatfons m'oidci 
to determine, in conjunftion with Ihofe made in Euiopc, the paiallax of the 
moon And from thefe obfervations he alfo determined the quantity of ic 
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fl-iftioa His Aftronomic-il LefRps weie pubhfhcd m 1 746 This cdebnted 
Aftronomcr died in 1762 ' 

Petep HoRRE^■ov^ mode a greit many •^fl-ionomicil obfeivations 
md pubhflied Ins Clavts AJliommta, and Bajii AJlmiOtita He died at Copen 
Ingcn in the yi-U 1764 

1358 Joseph Nicholas de IIsle was boin at Pans in 1688 By his 
refeaichcs, cilculations and obfeivations he conuibutcd much to the pi^iels 
of AfUonomj He died m 1768 

13^ The cclcbiited Englifli Aftionomer James RuADLEa was bom in 
1692 He imifloitalized himfelf by two of die mofl. delicate and important 
dikovenes that e\ei weie made in Aftronomy, the abeintion of light in the 
heaicnl} bodies and the nutation of the eaith s axis the founer of which 
he Ihow d to uife fiom the piogielTive motion of light and of the earth in it 3 
oibit and the latter fiom the attraftion of the moon upon the pioluberant 
parts of the eaith above that ot it s mfciibed frheie He obfciyed the comets 
which appealed in 172^, 17^6 174^ and 1757 and computed the dements 
of their oibits He confl-indud new T ibles of Jupita s fatcllitcs fiom his own 
obleivations and thofe of Ml Pound On the death of Di Haliiy in 
1742 he fucceeded him at the obfeivatory at Gieenwirh , fiom which time to 
that of his death, he was indefatigable in obfeiving the fun, moon, planets 
md fixed ftais I It fettled the quanuty and laws of lefrafbion to a gicat de 
gree of accuracy and give a veiy elegant lule foi coiicifling the mean le 
fiadion fiom the \ uiation of the weight and lempefature of the an In the 
year 1750, he procured a very fine tianfit inflrument to be made for the ob 
fervatoiy, by Mr Biid and ilfo a muial quadrant of biofs of eight feet 
radius With thelfi infliumcnts he continued his obfeivations till the time of 
hib death, which happened in 1762 The hift volume of thefe obfeivations 13 
juft now publifhtd by Di IIonNSBa, profeffoi of Aftronomy at 0 \ford who, 
on account of his health, has configned the publication of tht lemumng pait 
to Mb Robei, tson Saailnn profeflbi of gconietiy 

1360 Tobias Mayer was boin at Mnbach m Wiitemberg, Tebruat} 
17, 172J His fiift obfeivations wcie made at Nuicmberg afterwards he 
went 10 Goti ngen, where he fipnlinued to obfeive with very excellent infbm 
ments TBs gitat objeft was to confbrudt coned Tables of the moon for 
which puipofc he compofed a very elegant theory, with which, and his obfei 
vatio^s he foimcd new and veiy coired Tables of the motion of the moon 
A copy of i .1 cfe in 17 .,5 were font heic to the Right Honouiable the Lords 
Commiffidncrs of the Admiiiltw, putting m a claim for the lewaid offeied foi 
the dilpovtiy of the lon^’itude Dr Bradley compiled them with his own 
■* accurate obfeiialKins, and was convinced of the excellency of the T ibles But 
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■Mattfr continued coxiefling them till the tirue of his death (which ha[ pened 
in 1762) vnd left behind him a moie comj'lcte fet of lunai Tables, and alfo 
a veiy coiieft fet of foloi Tables 1 01 thefe his widow received /"i^ooo He 
alfo left: a catalogue of the fixed flais A volume of hi poflhumous woik 
avas pubhfhed m 177 j. and it is to be hoped that the woild'\aill be favouied 
With Ihofe which lemam unpubhfhed 

15^ M WakctENtin, in excellent Aftionomer of Sweden, publifhcd 
a fet m Tables foi computing the times of the eclipfes of Juptiir s fate^lites, in 
the Upfal AEt\ foi 1741*, and fince that time he has applied aauous coiro^ons 
to them 

1362 Of thofefwho have wiiiten upon phyfical Aftionomy M Clairaut 
D Aiemberi, Euler, Mayer, Frisi, Simpson La Place md M 
de la Grange aie the moft eminent By the labouis of thefo celebiatcd ma 
thematicians, the Tables of the motions of the bodies in oui fyflem have been 
coirefted to an cxliemc degree of accuiacy, and their names will go down 
to pofterity, as completing that fupci flrudluie of which the Great Newton 
liid the foundation 

1363 Upon the death of Di Bradi^ey, Mr Bliss, Savilim piofclToi of 
Aftronomy at Oxfoid, fucceeded him at the obfeivatoiy at Gieenwich, who 
hved there but a veiy little time dying in the ycai 1765 

1364 M Bailli publiflied at Puis the Hifloiy of ancient and modem 
Aflronomy Wt are alfo indebted to him foi a valuable Tieitifc on the ihcoiy 
of Jupitei s fatellitcs, which was printed in the ycai 1766 

1365 Di Long, maUci of Pembroke Hall, Cambridge, and Lowndian 
ProfcfToi of Aftionomy, pubhfhed a Tieatife on AfUonomy in five books 
He alfo confliudted a fpheic of 174 feet diametei, in which thcie is a fleoi fo 
fufpended, th it the fphcie has a free motion about it's axis On the concave 
furface the conftelhtions are painted The mechamfm is /ciy iimplc and 
ingenious He died in 1770, m the 90th year of his age 

1366 In theyeai 1739, Mi Dunthopnl pubhfhed his Ajliommy of ih 
Moon, the Tables were conftiudled figm Sir I Newtons tlieoiy, to which 
he added piecepts for colcuLting eclipfes 

1367 In 17411 M^ le hdoNNiLR pubhfhei^ his Htfloitc Cslsjic, contiming 
a collcdtion of obfervations from the ycai 1666 to 1685, made by <5rdei of the 
king, with a pieliminory difcouife 

1368 M PiNGRE publiflied a veiy valuable work, entitled Cometov\ ^hte, 
containing the hiftorj and theory of comets This was minted 11 178? and 

*784 

1369 To that celebrated Afbonomei M deJaLANDE the woild is in 
debted for the moft important improvements in the fcienrc of Afljononiy 
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Thjough fo exleiifive a field he Ins left no tiack unbeaten ilmoft every part 
has icceived unpiovements fiom him but we cannot heie entei into a detail 
of them His Sjiflem of Aftronomy is invaluable and has tended fai more 
to the general promotion of that fcience than all other woiks which ever ap 
peaied upon the fubjedt The labours of this gieat Aflronomer will peipetuate 
his name ^ 

ij^o For the difcovery of a feventh primary planet we are indebted to 
Ml (now Di ) Herschel By his gieat fltill and induftiy in the conftrudtion 
of veiy large ^cula, he has made telefcopes which have opened new views of 
the heavens, and penetrated into the depths of the univerfe unfolding feenea 
which excite no lefi our wonder than our admiration To this new planet he 
has difcovered fix fatellites , and alfo two moie belonging to Satttrn, thus he 
has added nine bodies to oui fyftem ’ The vaiious and intereHing difcoveiies 
of this illuftiious Aftronomer the leadei may fee in the Pklofophtcal Ti anfaSitons ^ 
tliey ate fuch as muft tianfmit his name to the lateft pofteiity 

1371 Di Maskelyne fuccceded Dr Buss at the obfeivatoiy at Gieen- 
wich To the abiliues and indefatigable attention of this celebiated Aftro 
nomci, nautical Aflionomy is altogethei indebted foi its prefent ftite of 
perfcdtion Of oui Nauttcal Almmiac^ that gieat Aftronomer M de la Lande* 
thus writes “ On a fait a Bologne, a Vienne, a Beilin, a Milan, mais le Nautical 
Almanac de Londres eft 1 ephemende la plus parfeite qu il y ait jamais cu ’ 
He has eftablilhed the Newtonian dodtnne of univerlal attradtion upon the 
firraeft foundation, by his expenments upon Schehallien His regular obfer 
vations of the fun moon planets, and fixed flais, which are every year pub 
hftied> aie allowed to poflefs an unriviUed degree of accuiacy , and we may 
confider them as the bafis of fiituie improvements of the Tables of the plane 
taiy motions M de la Lande in liis Aftionomy (Vol 11 p lai lafl edit ) 
peaking of aftronomical obfervations, fays, * Le recueil le plus moderne et 
Ic plus piecieux de fcous eft celui de M Maskeltne Aftronome Royal 
d’Angleterre, qui commence a 1765* forme deja deux volumes in folio 

jufqu a 1786 La precifon de ces obfei vations eft fi grande, quon tiouvo 
fouveht h raeme Icconde poj^r 1 ifcenfion dioite dune planctc deduite de 
differentes fitoiles quoiqu on y emploie la mefuie du temps His catalogue 
of fundamental ftars is an invaluable treafure Thefe and his other vaiious 
important impiovements in this fcience entitle him to the moft diftinguifhed 
rank amongft Aftronopacis, and will render his name illuftnous, as lo ig as the 
fcience of Aftronomy ftiall -cortt>nue to be cultivated 

1, We muft 'eave it to pofterity to do ample jufticc to thofe whofc labours are 
not yet at an end 
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Alt 1372 TT has Seen juftly obfeived, lint the knowledge of miure 
•A IS the firmeft bulwark agamft Atheifm Af a tjmc Iheie 
fore when infidelity fo much picvails, and when even philofophy has been 
chaigcd with piomoling itj it may bu pioper, in oidei to flop the picvalcnce 
of ihe foimei, and refute the unjuR chaige againfl: the lattei oftei having 
tieatcd on the fyftem of the univeife, to take fome notice of thofc cxtraoidi 
nary niaiks of defign in it s conftiudtion, which piove fo cLuly that it could 
not have owed it s foimation to chance, but to the connivance of mfinitc 
Wisdom 1 he Deity can only be known by his woiks, and the woiks of 
the creation afford a veiy convincing pioof of a fupremc Beinc , who foimed 
fucli vift bodies, and ‘ gave them laws that fliould not be bioktn It we 
trace not the caufe fiom the effedl, we neglefl lo diiedt oui knowledge to thu 
end to which all 0111 enqiinies into natuie ought to tend liom Ihe woiks 
of God, we mull feek to know him Let us not deny the being of i lupierac 
Intlei icENcr, who i the caufe of all things, becaufe he is not the ob)C(5l of 
our corporeal fenfes “ he has not left himfclf without wilnefs his c 3 >.ifLencc 
and attiibutes aie manifefl from the confliudlion of the univcrfe, and the ends 
foi which It was formed, but the nature of his eflence furpafles the conception 
of our limited facukies We fee but in pait ’ 

The obvious aigumcnt foi the exiflencQ, of a Deity, who foimed and 
governs the luiiveife, is founded upon the uniformity of the laws which takes place 
m the piodudlion of firailai efildls, and from the fimplicrty of the caulcs which 
pioduct the vinous phasnomena The mofl common views of natuie, how 
cvei impeifcd and of fmall extent, fuggefl the idfi of the government of a 
God, and eveiy further difcoveiy tends to confir^n tliat peifuafion The ancient 
philofopliqrs, who fence knew a fingle law by which the bodic ^iif the lyfl-cra 
are govcined, flill f w the Deity in his works, how vifible thcicfoie ought he 
to be to us, who aie acquainted with the laws by which the whole is diieftcd 
The JaiiL law tikes place m oui fyflem between the '^wfiodic times ai»d dii 
tances of every body levolving about the famer /:ei>ter Eveiy^body dcleiibes 

about it s lefpedlive center equal areas in equal tim^s Lveiy body is fpjjeiical 
E j'ery planet, as far as our obfeivations reach, is found to levolve about m 
axis, and the axis of each is obfeived to continue paiollel to ftfelf Now as the 
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ciicumHuicea which might have\ttended thefe bodies are indi.finilo in vinety, 
the mttform fimilanty which is found to exift amongft them, is an iiiefi-igsble 
argument of def^gn lo produce a fuccefEon of day and night either the 
fun muft revolve cveiy day about the earth, oi the eaith muft icvolve about 
it’s axiS'i the ^tier is the more Ample caufe and accoidingly we find thit the 
leguhi retuin of day and night is fo pioduced As fir alfo as obfciJwtioiib 
have enabled us to difeoyer, the return of day and night m tlie planets is pio 
duced by tlie opeiation of a fimilai caufe It is alfo fouhd that the axis of each 
phnet 13 inclined to the plane of it s oibit, by which a piovifion is mode for 
a vaiiety of feifoos, and by piefcrving the axis always pai illhl to itfelf, fummei 
and wmter return at their ftated periods Where theie aie fuch incontefLible 
marks of defign, theie rnufl. be a DnsiGNtr , and the unity of defign ihiough 
the whole fjftem pioves it to be the woik of One The genci il laws of na 
tuie ftiow the exiftence of a divine Inteli igence, in a much ftiongcr point 
of view, than any woik of man can piove him to have adted from intention, 
inafmuch as the opeiations of the foimei aie unifoim and fubjedt to no va 
nation, wheieas m tlie lattei cafe, wc fee continual altciations of plan, ind 
deviations from cfiablifhcd ruleo And without this peimanent older of things, 
cxpeiience comd not have diicdted man in lelpedl to his futme operations 
Thefe fixed laws of niture fo neceflaiy for us, is an luefiftible aigument 
that the world is the woik of a wife and benevolent Being The laws of 
nature are the laws of God and how far foevei we may l>e able to tiace 
up caufes, they muft terminate in his will We fee nothing in the heavens 
which argues imperfedtion , the whole cieation is ftamped with the maiks of 
Divxnitt 

We can form no idea of that powei called AttraBion^ by which diftant 
bodies aie made to adl upon each othei without any apparent connedlion , and 
;yet we know that all the bodies in oiii fyftem aie retained in Ihcir couifcs by 
fuch a power And it is a veiy finguUi inftance of the uncuing wifdom of 
thcCiEATOR that the law which this power obfencs is fuch, that notwiih 
flanding the mutual attTadtions of the bodies, the fyftem will never fill into 
luin, but is'' capable of piefcrwng itfelf to all cteinity Moieover, die mutual 
atiiadlion wljtch takes place between diftant bodies could not of itfelf, eithei 
pioduce then mot^ion about the fun, nor the lotaiion about their a\es k 
required an exteinal impulfe to opeiatc in conjundtion with it, to produce 
thefe* eff^s , an aft which nothin'' but the arm of Omnipoiincf 
cquld accomplifti And tlie'*powei which thus onnedls the diftant bodies, 
opeioics alfo on the confttuent particles of the fame body and piclervt as 
figuie for without attiaftion, the particles muft have been diftipatetl by their 
lotation An inviliblc powci pcivade the whole fyftem, and picfeivcs it 
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In the efiedls produced by man, we fee the opciation of the caufe, but “ the 
wa}s of the Almighty are pTft finding out ^ 

The fun that gieat and only fountain of light and heat^ is placed m the 
centei of the fyfteni , and whilfl: by it s influence it retains the planets in then 
orbits, it pours forth ifs rayi and gives life to the ciealion Ihe faunition 
of fiftH a gloiious body, and it s airangement, are cucuniflinccs which oiFoid 
die cleaiefL evidence of defign * 

Hence, in whatevei point of view we take a fuivcy of oui fjftem*, wc 
trace the power, wiflloin, and goodnefs of the Creator His powci, in 
Its foimaiion, his wifdom in the fimplicity of the means to produce the 
ends, and hi goodnefs in making thole ends fubfervient to our ufe and 
enjoyment Thus we uc led by oui enquiries into the fliudlurc of the uni 
verfe, to the proofs of the eYiftence and attiibutes of a fupicme Being who 
foimed and diredts the whole Aigiiments of this kind pioduce convidtion 
which no fophiftiy can confound ‘ Eveiy man may fee it man may behold 
It afai off Let not theicforc the ignorant declaim agiinfl. thofc puifuiis 
which diiedt us to a knowledge of our Creator, and fuinifli us with un 
anfwciiblc aiguments againft the Infidel and the Atheifl: 

But it we cviry our views up to the fiiinament of the fixed (lais, the power 
of the Deity will be flill more aftonilhing Let a man contemplate the 
Barry heavens, and confldei thofe gloiious bodies only in lefpedl to number, 
magnitude anddiftance, and it can fcarcelyfail to convince him of the exiftcnce 
of an omnipotent Being By the late impiovements of telcfcopes, the flaiiy 
fyftem appears to be without bounds, and the greater pait of thefe bodies 
not being vifible to the naked eye, we may conclude that they Wcie not made 
for oui ufe, noi foi the ufe of any part of our fyftem They are undoubtedly 
bodies fimildr to our fun, appearing fo fmoll from their imntenfc dillance^, 
for opaque bodies at that diftince could not be feen by refleded light Tiom, 
the uniformity of nacuie, in all thofe parts which we have been able to examine 
ind inveftigate, wc may conclude, that bodies fimilar to our fun weie aeated 
for the fame caufe, that of giving light and heat to Ae inhabitants of fyftems 
of planets fuiiounding them We may theiefor% conceive the wliole univerfe 
to be filled with created beings, enjoying the bounty of their Ci^eatgr, and 
admiiing his works This benevolence of the Deity jn giving life to an 
almofl infinite number of beings, muft raife oui admiration, till we^yo 
loft in contemplating his goodnefs That every individual fliould exift iftidci 
his proteftion, and be regularly fupplicd by bia beuntiful hand with evuy 
thing which IS neceflary foi enjoyment, ought to m?ke us very huTnblc before 
him And that every being in the univerfe fljould be under his care, and 
tnimng up here for the further enjoyment of him hereafter, is a thought 

which, 
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which, if duly impreflcd, would pVietnte us with the deepeft fenfe of gratitude 
to ouj Creator, nnd excite us to love -ind obedience The difappeaiance 
of fome flais may^be the dcftruftion of that fyftem at the time appointed by 
the Deijt foi Ae piobation of its inhabitants, and the appearance of new 
ftars may be the formauon of new fyftems, for new races of beings then called 
into exiftence to adoje the woiks of their Creator Thus we may cgureive 
• the riEi^rY to have been employed fiom all eteinity, and thus continue to be 
emplbyed foi endlcfs ages, forming new fyflems of belhgs to adore him, and 
tranlplanting thofe beings already foimed into happier regions, where they may 
have fetter opportumties of meditating on his works, and Tlill rifing in their 
enjoym*ents, go on to contemplate fyftem aftei fyftem through the boundlefs 
univeife 
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ASTRONOMICAL CALCULATIONS 





A GREAT many of thefe Tables aie token fiom Pi Maskeltnt's fiift 
volume of his excellent obfeivations, but Tible VI contains the light afccn 
fioa of his fundamental liars os moie accurately fettled by him liom obfei 
vations which he afteiwaids made From the impiovement of inlliumcnta 
and the modern theories of Aflronomy a gieat many inegulaiitics of the 
motions of die bodies in oui fyftem have been difcoveicd, the laboui thercfoie 
of making computations in Aftionomy has of late been fo much incicoled, 
that It 13 neceffaiy to give eveiy polEble affiftance to the piodlicol AlUonomei ' 
The Tables here fubjoined aie intended foi that puipofe, and will be found 
very ufeful m facilitatiiig aflionomical calculations 


•WMWMMIDNIIIW 



[ ^97 J 





53^ u u\o 

N ^ - «'f'o '■°'2 2 r? 

&>c3 . 

M 8 c/3 •-* ^ ^ 

^ Q Lih 

I— < ^ u, O 

1^ ^ 

^v ^ i! ^ ^ '^o -no ^O ^0^00000 

g B^n 5tOM«'t' Men n cn 

M S ,ii A 

^ '*^3 OOOWMMM 

^ ^ ? r. a'^ 

Q-i 1.0 !3 i5 ^^^1 

a Sor)'^ ''UHC«cnT^ iii.o t^OQ o> O P o q o 

*< l^a r "^"*'' 

I- b ^ w tn Tf-'O 0^ O « t»i vhno 00^0 
Q J ft MM^MMM^n 

^ a }^ — ■ ■ ■ 

. S Mrtnrh vn'O r^oo O' O M c^ « O 
^rj-^ MMWMrt 

^ ?i -L^. 


:!> 

(-H ^ V 

W 

w ^ _ 

S J 


§1S^ 

3S « 

Vo ^ 

. uyy 


CO feo 


ix n O cn so o 'Q 

VO O vQ n VO 

OH ) 1 m ■+ ^ nvO VO 


> tn vt -nso P^OO O' O 


3 « 

S CO 

0 ° ° 

II 

c4 ^ «n vf uvo VO Pn 0 

H ) 

Ef> 3 

o_,qor>ooQOQQ 

rl no i^oo 0 O O O 

p 

« H rt n 


'it-OO 1 VO 0 ^QO 1 VO Q O 
•-•rt 1 t nn^c 4 

oooooooooo 


H c» BO v4* ^nvO r^-OO ov o o 

H » 


^ 'S 

w ”5 

i ^ 

CQ ^ 

^ -s 

H ^ 


QQ <ff- (fe M OvOO vO -n o hON'd- 

^ Ov O' ^ O' n03 cnOO >n vn n rt 
QQh rt nfnh+ov-^O^ 

88888888888f S J 
88888888888888 
oooooooooooooo 


U M el -C*- uvo P^JO O' O O 0 Q O I 
M n^i-vrl 


ovco Psvo Bn ^ H o Ovcp VO -n tI- 

- Q H » n vnvo ^>-00 op fxvo -n ■+ 

•a Ov.^ IN..VO nhenlHOM icn«r 

Eo < vnCO M »i- iv., Q tnvo OVOO ^\0 i-rv 
O OQQ^hm^jj 7 cnop H -*1- 

iJ] 06088808888800 

0000000000000(5" 


3 W rt ■si' '^vo 4S.OO Ov o o o o o I 

>5J M ^ m U-I 


,_ J^'shnmHOstN.'+>Qfi ner'l 
Ml O pnvo Ov n n A m q O' <>^vO -^1 
n I O' nvo Ov 1 Ov o Ov ov Ovco op 00 go ' 

bajM *>. 1 fs. n nOvinM nOvj^M 

rsMvQO n + '*M vnoo ^ n ov 
^ 1 Ov v^ vrj Q "l-vo 00 w n noP 
De^ n^p'^O'OMO 

M M M H ^ m cn *+ hvvvnvD 


J 


" 3 8.c2 8^8 ® 2 9-R8 9,v8 

^ H M M H ^ i e^ rn nen 


I MVO ov c< •Tiji o envo Ov OvOO rvsVO 
M *Bn'0 OvenO OvmvO O' I voQO m 

S: " 'a o ':^'8 

a p 1 gv ^ ^ 1 Ov -M- ^ pnoo I 
C h 4 en -nvo opOi nnPN^l(^ 

j_ 5 ' 00000 »’*Hi-,iH n ^nvO 00 

looooocTooooifooo 


bp I M 1 en 


, 1^00 Ov 0 O O O o f 

\ w « n v|- 


VOL II 

«f 






TABLE VI / 

I 

Th Meat Ibgkt Afcenjioas a d N(a h Polar Dijlaues of rkirty Ji> prtnapal Sta s foi tit Begtnung of he Tear 1 790 , 

•u,tth tJ r Amu/al Precejfo is j 


[ *98 J 



L ‘^£ 






































TABLE VI Continued 



o6 








































































TABLE VIII Continued 


I 


[ 303 ] 



■ 


1 

g 

e^ uiun 

In. 0\ H 

M 

1 

n 



voO -<1 In 

00 so CO 0 

■ 

1 


HB 

M 

0 PH 

^ SO 00 

M so 00 

0 H ^ 

H H M 

S-OCO In 
0/0 tq 
M Th H 


OVO ^ M 

Os IN VO 0 



m 

V|CO fN 

0 \ 

M M H 

n 

>0 0 oj 

N In vri 
H IH IH 

1 « 00 
OS 

M H 

MHi 

c 

'f 

< 



1 + 

0 cn 

a 0 1 

h 1 

Os <*» s-n 
Tt- os 



^BSRI 

im 

H oso 0 

0 00 VO eo 

M 

0 

S C 

a 



mH 

H 

00 0 C7S 
Os 1 fn 

H IH 

rnoo 

0 so 

H H M 

00 ^ 1 
so so 0 

M HT M 

INQO SO 
TO Os 

M H 

+ 1 

0 i Tlso 

tJ- m 

1 + 

Cl 

1 

oa j 

V 

>v 

1 

A 


1 + 

.0 tn H 

0 ^ 

+ 1 

CO 1 1 

IN.O 

M H 

0 ws M 

■4^ wiso 

M M M 

1 r 

+ mso t 
so so 

H M M 

I 

0 11 

6 '"I 
<rH7i 

1^ M fO 

OQ C cn 0 

1 

CQ. i 

* 

1 


1 + 

'O en 1 

1 0 n 

+ 1 

0 IN 0 
so 00 M 

H 

H In Qs 
m ^ s-n 

H H H 

SO 00 
so Vo. so 

IH M H 

In ^ ^s. 

IH M M 

_ 

\o H ^>0 
cToo 

H 

i 

U 

P< 

i 

nil 

9 

OVO 0 

In Os 

M 

0 ■^'O 

sf s-nvO 

M IH M 

H tooo 

N INSO 

M H H 

Os ^ VO 

Hum 

0 In OS Os 

9 





IN Os In 

GO 0 d 

M H 

IH H In 

VO VO 

M H H 

CO ^ 'S 
VO osi- 

H M M 

1 H- H- 
m M Os 

H M 

+ 1 

0 s-noo 0 

In 'if H M 

1 + 



1 


1 H 

0 ^ Os 

0^ H 

H 1 

n m 0 

00 1h '4' 

IH M 

0 *H 0 

sc 00 OS 

H M H 

0 0 ’»!■ 

0 0 os 

COSO H* 

00 so 

M M H 

In IN J- 0 
i-500 VO 1 

M 

£ ®C8 

J 

■Q 

» 

09 

1 

1 

00 

000 

1 

n 

' 

0 

H 

000 

H Cl 

H c4 

H 

0 0 0 0 

M 1 

VO so 


« 










I 










































































































Rigd bTsun^Ononi^Sinib Caftor Procjon PoDni 


r 

t 


"Oj) J 


cn r-fc 


el 

n O el j '-o\0 
O O 

h 


>0 H n O O** 

»H O O 0^00 

M M n o o 


n 1 'N o^ 
00 CO -kO 




ZO 3 

■r\ 

\ 

^ O 

>■ 0 

O 

O 

PO 

-* \ 

: ^ 

CO 

CO 


vriJO M 


■»4* w O i-nvO o 
>0^ enin O O' 


+ 


wt>o ■^*«oo 


^ i T ^^oo 
1 1 d 1 


1-n w o^ 

O' 1 -nj 




O 1 n 

p o o' 



UO M 

0 

1 

CO 

o 


c^xry -n *H J g 

1 H O O O O 


o«p tI- 

H M M 


vnoo 

c) 

1 1 

n 


ggmig^igggggiggigggn 


7^ e 

^ ja 




tiGOf^Il'^'^O'loOCO'Ol 0'^P 0''^H 

\0 O' 1 -^QO M '+'0 O^l O 1 


VQ ) 1 GO 1 00 

^ ^ f\ M O \ 


« rvO 

cn o en 


I 

n^O 'O 


IKK^ll 


£i ‘V 

Cj 

go Hf 













































































TABLE IX Continited 


C .06 ] 


0 

S JS 

n "Ti 

\ H- ^ 

0 

0 3N 0 

0 

00 C 

1 - n 0 

1 + 

M 





BH 

'H n 

H 0 ONOO 


0 00 

1 

0 0 

0000 

000 

000 

+ 

M H 

n 

■ 

n 


^B 

n X X 

0 

ti 

JO -..<10 

no 

0 0 

CO 

i 

n -H- 
1 3 > 

HI rH 1 

n JO 

0 " 

n HI -i- 

0 qo 




jsm 

in ''•lO M 
NO m t- ^ 

0 0 0 0 

1 

0 0 

0 0 

0 0 0 

0 0 


X X X 

Hi 

BB 



X 1 X 

P 

^ HH 

<3 0 

CT 

C J' 

mm 


n jO X 
•0 O' n 


^ No M 

0 On X 

■EH 

'N 0 CO 
-^CO 

n n 
''NO n 

la 

X X tNl M 
ON >-VO NO 

0000 

1 

0 0 



0 0 

n 

X CX n 

mm 

H 

n n 

B 

X X cx X 


<? S' 0 



JO n M 

0 ONO 

0 M 

O' X 

w X q 

CO h* ^ 


CO n 
M X n 


■ajj 

HI 00 NO 
uo NO -n 

Nn -n n 
-t- n X 

5 

000 

1 



m 

0 HI H 

X 

Bi 

cn n 

BB 

B 

X X X 

X X X 

ra 


BS 

M r CO 's 
w CO n ^ 


B^EH3 

QliQI 


H 

CO 0 0 


I^Q 

On H CO 

0 NO 

n On r" 

^ M ON 

J 0 ^ 

■NiSO in T* 


mm 


M 0 0 0 

^00 


n 

X r n 

BB 


X M H* 

HI H 0 

0 <r 0 0 

ijg 


■ 

n M 

M ^ 

0 O' M 

>•0 n 



0 H" cn 
H 1 n 


0 n cx 

X H 0 


ON ON 
■»h cx HI 

X 

M 

a 0 

[H 

■ 

a 0 
+ 

0 0 M 

m 

m 

n n cn 

BB 

■i 

B 

r X X 

1 

f 

0 O' n 

1 6 ON 

B 



nS W 

KBUM 

On pN n 

00 ON 0 

'8 o' 8 n 

n h JO 
00 n 

X ^ On 

'+ X 0 


0 n nco 
NO <1 NO VO 

O’ 

1 

HI H M 0 

1 




HI HI 1 

n 

cx X cn 

n n X 

cx X X 

X ex 1 

BB 

HI M 

tl 

1-1 

a 

H 

■ 


^3^BI 

Nn 0 1 

CO M m 

M CX cX 

CX 1 X 


O' Nd 
in N+ X 

X X cx 

n ON -H" 

0 'H n 

1 H l-H* 

E33B 

Kn 

B 


00 X>- 0 

X X cn cn 

0 0 0 0 

-e 

00 0 nco 

b) H CO n 

n 
n 0 

n Ti- 1 

1 nco *H 

0 njo 
OnO Cf 

ONOO tH 
0 X M 

VO no 

/“%0 'H 

M 0 n 

■s, ■H.NO 

cn HI NO 

n '+ 1 

g'3>t 

rs. tn 0 
■n t 1 <4% 

M in 0 

X H HI 

0 CO X 0 

X X •+ 

«l 

M H 0 0 

1 

0 0 

0 0 w 

M M 

X X 

cT cx X 

, , 1 

Cl 1 X 

1 M M 

HI M W 

M H HI 

H Hi M 

I 

n n n 0 

H 00 n i 

M ^ 

ySQ 

O' n 

Oi X 1- 

■n On 

NO >- QN 

0 n 

0 0 0 

n ON 0 

0 On^ 5 n 


0 hCO 

M OS 

n n ^ 
00 

v8^“- 

en rn Xn- M 
On M n vn 

1 

M 0 0 0 

1 

V 

M 

w 1 1 

1 

m m n 

n r cx 

bI 

X CX 

9s 9s 

1-1 l-H 

HI HI 

H r 1 X 

I 

JO 0 ") 

-on no 

J 0 0 0 

1 

nO 

0 0 
1- 

0 ^ 1 0 
H-so 

0 MM 

n 1 r-. 
CO Q 

nn^ 

■ 

X X CX 

"H O' On 
tn % M 

X cx cT 

B 

1 n 

0 Th cn 

M M H4 

n\o H- 

“ M HI 

HI M M 

gg 

^v8 ioi' 

HI HI if 

1 

m 

^ 0 1- 

ONO n ") 

n 

\ 

i W , 0 

J3 0 ^ 

0 

n n ^ 

SB 

H On H 

X 0 a 

li-S H 

hC JO 

X 0 CO 


X ON 

NO NO CO 


6 tJ 

0000 

1 

0 0 
+ 

0 M M 

lA 'I 

r X cx 

H 

X CX HI 

M W M 

H 0 



BB 


1 

vC 

m 

n 0 1 ^ 

t n i a 

jO M n 
0 X n 

HI njb 

1 hH- 

Nn On 
*+ H n 

H M O' 

n X 0 

0 nT 

ffNOO 

OnjQ On 
in H n 



nCO 00 

O' HI T^nO 

a 

0 0 r" D 

1 ^ 

0 J 

*H Hi M 

1 X 

X X X 

1 X 1 

cT r X 

M w 

M HI 


« 

M r rt cx 

d 

a 

i M -t 

0 

HO n M 
0 

n NO 
0 M 

Ojo n 

M 

0 n 

M 0 ON 

X 0 

JO 'H. in 

HI >> 

-i- X w 

n M Tf 
0 On 3 

0 Q ni 

JO CO 00 

n On ’“H 
ON 0 X 

0 'H tH, 1 

m r>H 0 X 

0 0 C 0 

1 + 

0 1 ^ 

M W M 

\ X 1 

X X 

^ X M 

M HI M 

HI Hi w 

HI 0 0 

0 0 cT 

0 HI 

w <3L X 


0 ■) 0 

H iO 

00 

0 cn 

n n i 0 
^ 'H. jO 0 

0 n 

J « 

n 0 0 
M H 0 

8 O'CO 

n n 
'^O 

X 1 H 

^ i- n X 

0 

HI M M 

nT n 

X 

t-o On 

M HI n 0 
cX '-noo 0 


0000 

1 + 

Hi 

HI M HI 

X X X 

#1 

X X 

X M HI 

M 

Hi 

M HI Hi 

T, 

M HI 

HI HI M 

X X 

c 3 
® s 

ti “ 

(S" 

0 "5 5 0 

I"' 

H*. 

^ H* _ 

0 

o 

£ 

HI HI HI tH 

H X O 

1 

n 

Kscn 

■ 


V-f 

HI X 

T 

d 

1 

4-1 

Oi 

0) 

/> 

M ^ 

n 

n 

M 

0 

D 0 >0 

w X 

g 

s 

A 

lO n 6 Nji HI 
HI X I- 

p 




























































































































































TABLE X Continued 


L 308 ] 



1 

pw 

77 

94 

08 

CNtV 0 

M to 


E|L 33 


a 

< 

1 


0 0 M 

n 

BP 

Is 


J 

■ 

1 + 

-Ln M 

0 »-• Pi 

CO r» ^ 

^>0 

CO ^ 

00 cnO 

Vi-I Th Q 

000 

m fo H 
O'OO tv 

tv Q 00 



0 0 

+ 1 

000 

0 0 h' 

M H M 

0 0 O*' 

0 0 0 'D 

~W 

IS w 


1 + 

M 1-n w 

M 0 H 

|0 0 

rt VO 

0 0 cf 

tv tv VO 
VO t^oo 

000 

8s8^& 

000 

CO ^ Thr- 
OD CD tv 

0 0 cf 

fl 

0 W \0 H 

VO VO ro i 

0000 

sfi 

1 


0 v»op 
<^CO ON 

000 

00 noo 

0 W H 

H M H 

tv ovQ 

H H 0 

H hT H 

VO H VO 
OvOO VO 

000 

H 1 

tvoo V 0 
t- 1 0 H 

0000 

1 + 

1 

1 



tv two 
VQO Ov 

Q 1 w 

000 

t>.Q 0 
0 > OvOO 

'H 0 0 

VO to « 

1 

1 




H H ^ 

000 

0 0 0 d' 

ll 


+ 

M 0 00 
w ^ 

to 0 n 
NO CO C 7 « 

ov 1 

0 0 H 

00 H 
WOO 

w o^ h 

Ov two 

h 1 
8 '^ 



o' cT 0 

1 

cTo 0 

H N H 

#1 

H H H 

000 

0000 

1 + 

CD. p} 

1 

Mai 

rtoo M 

ONO 00 


8 ' 8 'd 

tvvo r\ 

OvOQ V 

GO M 1 CO 

0 -ill- 1 0 

> 

■ 

hh 

SB 


H w’ h' 

0 0 0 

0000 

B 

Leonis 

1 

1 + 

H 8 S 

0 CO 0 
^ VO tv 

tvoo VO 

CO CVO 

H 1 0 

M M H 

OVO -0 

0 ^co 

p ^vO tv, 
tv 0 M 

1 

(Too 
+ 1 

000 

0 0 H 

H HI K 

woo 

0000 

a 

1 

« 

1 



0 CO M 
ov 0 w 

vovo 1 

H H H 

'S'SvxT 

pV H 0 to 

VO vr^, 0 H 

1 


000 

0 H 

M H H 

H 0 q ' 


J 


+ 

S' IT 4 ^ 

Co pO VO 
OtVQO 

H VO 

OVO 0 

wm 

0 O,vO 0 
GO VVO 


tc* 


000 

1 

000 

0 H H 


H 



■ 


oto eo 
VO tv ON 

■JCW| 


M 

CO 0 ^ vO to 

V 0 0 w 

■ 

HH 

ffii 


Bi 


0 0 0 d 


■ 

0 

1 

■ 

CO 

ov 

0 

HI 

■1 

s 1 • 

2 1 : 

H 

H 


0 0 0 

W cl 

0 0 § 

oc 

OX 

0 



D 

■1 

BH 

1 



SB 




m 


i 

















































TABLE X Continued 


[ 309 ] 

































































I 


r 3“ j 

TABLE XII 


S'Ae Equ lUon of the Ohltqwiy of the Lchptu 
Ar'’rMLNr Long of J s 7, 



r 9> 4 / - 3> I ig 

a 9> 3 7» 1 3 0 i 

3 9 3 70 ^ b 17 

4 9 » 3 6> 9 a 6 16 

5 9,- 6 8 a e ir 



















TABLE XIII 

7‘ie Mem aJHoiw meal R^aEitcas toevery Ten Mt tutes of appate t Zemth Dtfta ces 


[ jii ] 


Diff 

QO On 09 

CO ON CO 

JO ON CO 

GO On oo 

0 0 0 

O 0 0 

00 ON J9 

09 On CD 

MM M 

O O 0 

1 \ 

M M 

MM H 

H M M 

M M 






O 0 0 

0 0 0 

0 0 o 

0 cT o 

O 0 o 




O o o 

1 

0 CO 

T-nsO CO 

o 1 F 

O 00 ^ 

NO 'N ON 


ws 

BS9 



8SS- 

GO CO CO 

M M H 

ON On On 

M M M 


yQ 

m 



m 

cn n 

1 \ \ 


O O 0 

►H 1 

0 O 0 

O Nt|- 

o o o 

tH. 1 

0 Q o 

m -HI 

0 0 o 

H ^ 

0 QO 

cn ^ -o 

o o O 

M 1 

1 

0 o o 

M 


00 CO ^ 

M 

09 CO OO 

W M M 

CTh 

HH M 

O' On ^ 

0 0 o 

1 1 1 

0 O 0 

MMM 

H Ir. 

M M M 1 
1 1 1 

f \ 

\ \ 1 


CO On 00 

M H 

00 ON 00 
M HI 

LO O or 

M 

rNNO 

MM HI 


OOOnGO COQNCO GOONOOGDOn 

M M MM M MM MMM 

p 

0 0 o 

0 O 0 

O 0 o 

0 0 o 

0 0 0 

o o c 

) O 0 c 

O O 9 

^ O 0 c 

1 

VOCfl 1 
>0 09 0 

0 00 

1 N-n 

-n ^ 

*N. QN M 

0 HI 

n i-NO 

O tN* to 
oo O' M 

CT nTNO 

n cn 1 

09 0 1 

Q GO 
^ n r>. 

n n i 

On n 

1 

n -f 

W M H 

^ ^ tF 

H M W 

Tt- Tt- ^ 

M M M 

■LO'Un -Hi 

M M 

nw^NO 

M H M 

NO NO NO 

H H 

NO 

M M W 

MMM 

1>-O0 O 

H 

OtO 

o q 0 1 

cn ^ 1 

0 o 0 

H 1 


0 0 o 

w ^ 

O Q 0 

en ^ 

0 o 0 

H 1 

0 q_o 

o 0 o 

M 1 

0 Q o 

n n 


n n m 

W H M 

1 M M 

HS 

-n T-n 

M M H 

n vn NHi 

M M M 

NO NO NO 

M M 

NO nO NO 

M M 

"S. ^ 

M 


p 

>*>o < 

t-» H 

^ ^ m en n\ ca 'n.nO 00 On^ 

w hm h mhh mm 

o o 

1 

3 O O < 

3 O 0 < 

D 0 O ( 

S'ood'oo o 00 o oo < 

) COO 

1 

8 S 

0 

i-no 00 

0 CO JN- 
O HI n 

HI n > 
VO PN O' 

0 

Mir 

0 WN 

NO r- ON 

O *HN 

M 1 rj- 

O n 

VO ON 

0 09 

1 1 

4 

ON O O' 

O' On O' 

O 0 0 

H H M 


M HI 

M M H 

H M 

MMM 

1 1 
MMM 

1 1 el 

H M 

cn n n .1 

MMM 

n 

gA 

<!« 

^ 0 0 1 
W 1 

ON ON ON 

O Q O 
ro ^ 

O' ON ON 

OZ OI 

O OI 

O 01 

O 0 0 

M M 

° S8 

H H 
l-l M 

0 q 0 

MMM 

M M 

° s s 

n 1 1 

M M 


cn n n 

M 


1 '^'■O * 

1 H M > 

'N. rN.NO 

-1 tH M » 

"N N,nO 

-1 MM 

■Nh 

H M H t 

'N piO 'N» rN,\0 '^No NO 

mm M MH H mm m mh 

•N. rv 0 

p 

1 0 0 ( 

D O 0 

D O 0 

S' 0 0 

D c o 0 O 0 ( 


> O 0 < 

3 0 0 0 

1 

0 tN*- n 

\J1\0 00 

8 " 

o n 

U^^O 00 

q ^N* 'Hi 

O HI CO 


Q 

0 M 


H9 

O 

h^nO yj 

1 


vn VO vn 

^ Ln un 

NO NO NO 

NO NO <5 

Hi 

mB 

SB 

00 00 CO 

App 

Z D 




“S'? 

NO NO NO 

0 Q O 

HI ^ -n 

O NO NO 


0 Q 0 
cn ^ -o 

rs. w 

0 o o 

M d 

00 UO GO 

0 

cn r n 

CD 00 CO 


laHiM 


>N ^N^O 

In, "nnO 

PsSO 

NT t^NO 

l'^ ■‘^nO 

Fn. fv,sO 

R 

r% rsNO 


M H 

H M 

M M 

M MM 

M M H 

M H M 

M MM 

M MM 



0 0 

0 0 o 

O o 0 

0 O 0 

O 0 0 


cT o o 


0 0 0 o 

— 

raMBH 





■■1 


MM 


o 



0 ^N ri 

0 n 

O Hi 


0 ^ n 


S 1 

cS 

1 8 ^ tn 

vnsO 00 

O 

voso CD 

0 M ri 


O HI en 


K L 

vB 


0 0 0 

M H M 

H M 

1 1 t\ 


n n cn 


■d' r 


nail 










0 □ o 


M 


m 

K 



1 0 o C 

1 Mi l 

■<N 

0 O 0 


DB 

UDD 

m 

IHD 

1 n cn cn 

” ■ ■ ‘p 

IBi 

^ 1" 






r 













































Contii lied 















































TABLE XIII Continued 


[ 3H ] 


\ 


'M 

1 o o 

M 1 rn 

H* n 00 O' o 

iH 1 «n 

"+ o CO d HI 

n I- n 


00 CO 00 00 CO 00 CO OO CO GO o> 

O' C ON 

O' ON On 

ON O 0 

O 0 o 

OO 

p 

1 0 0 

0 0 O 

D O O 

cf 0 o 

(f O 0 

0 0 cT 

O >r 

hi H M 

M M 

o 

<6 

O O 0 
o cn M 

M n't) 
On ^ 

Q n 1 

H r ^ w 

Q ON ON 
0 JO I'' 

O 1 n 
n 

49 

T?T 


C X CO 

0 NO >• 

H cl cn 

n |- n 

NO 

O OnQ 

HI ) n 

F nNO 

t'HCO ON 

O HI 1 



non 

in n n 

in in n 

n n 




IH H M 

M M M 


Ki Kl 

K4 M 

l-H 

H 

f4 ^ 1 

1 1 1 

1 1 1 



&'=’ 

o 'J 4 

^ M 1 

1 !:u. ^ 

n o 

C 

IC 

O u O 
n ^ n 

O U O 

H 1 

0 u u 
cn n 

O 

1C 

1 cn Th ^ 

« u 


non 

1 n n n 


Nt* h H 

n n n 

non 

1 NO NO NO 

1 NO NO NO 

j NO NO NO 
NO O NO 


\o O O 

[_ o JO o 

1 NO nO >0 

nQ NO NO 

NO nO NO 

O NO 'O 

NO NO NO 

fH 

Qhw ^ \ -t-t n >.cor>os 

sO\o O vOO >0 VOO NO vo>o 

3 0 0 

1 n 
hn X'' 

h NO 00 O' O O 

I'' >.xoo 


O 0 c 

o 

o 

o 

0 

o 

o 

0 

0 

3 O 0 ( 

3 0 O < 

3 O O 

0 cT 0 

0 f o o 

a 

00 cr 
o ^ 

0 ^ t- 

O C4 00 

^ M 

t N. 

^o'- i 

■H M » 

0 O O 
n 1 ^ ON 

M n\0 
NO m O 

0 NO n 
00 

woo 

HI 0> N. 


1 

■+ n n 

NO 

On On On 


n 

4 nvo 

NO 00 


i£ 

m o o 

n n n 

n n 

non 

-N*- '+ M 

4 -i J- 

'd- 

•+ 'i' n 

ffi 

W M 

>H 

Hi H 

H M l-H 

h-l h-l 

Hi M H 

HI HI 

M HI M 

M M HI 


ago 

O 0 0 

SL3 

0 O Q 

o q 0 

n ^ m 

O O 0 

o q”3“ 


cPl“” 

pf' 


1 

n “n n 

w 1 

w 1 

n 1 n 

•H 1 

m J n 


GO CO CO 

O' ON On 

ON ON On 

nS'S'C 

0 0 O 

H M H 

M H 

1 1 1 

111 

Nn n o 

non 

n n n 

_ _N$ nqnS 


nQ no no 

NO NO NO’ 

NO NO n 

% 

^“i- =3 

3n w 

«! n n 

H 1 1 

n n n 

n 11 cn H ^ 
n n n in in n 

n I'^lv.OQ QNON 0 OnOnQ 
nnnnnnvo nNO 

« 

O 0 

D 0 O ( 

3 O O ( 

foot 

3 0 0 < 

3 0 O ( 

3 O 0 ( 

3 0 0 ( 

3 0 O 0 

a 

O o 

1 

0 1 

n -s. 

0 1 •+ 

■N. 

6 4 

1 0 

P On'x 

9 

O 'N 1 


1 1 

1 

noo 

CO 'I- O' 

n 0 NO 

1 00 ^ 

0 n M 

rt 

00 GO 

0 o 

1 

1 n n 

'i* t- n 

nO NO 

1 on CO 

O' C^ O 

M q 

T 

H M Mf 

w 1 ^ 

1 ) 1 

^ 1 1 

1 1 1 

1 d 1 

« 1 , 

1 1 n 

n n II 

c2 

M l-l M 

M 

M M W 

M M M 

M H 

M M M 

Hi M H 

M M HI 

M M M 

1 

0 0 q 

0 Q 3 

'“0 0 'G' 

Q "^r 

OOP 

0 0^ cr“ 



0 o o“ 

App 
Z D 

w 1 

n ^ n 

\ 

> -n 

»-• 1 

n ^ n 

w 1 

n h n 


H- -h h 

t- -H 

non 

n n n 

NO NO NO 

NO NO NO 

'‘H -X 'H 

H. >S 

X OO X 

n n n 

n , n n 

n n n 

n n n 

non 

. n n n 

n n n 

n n n 

n n n 

•a 



? tt 3 s? 

n nnvQNOO 

P 

OO 0 OO 0 OO O OO 0 OO o OcT 0 OO o od'o 00 o| 

1 

o O' a 
n ON n 

) On O' 
eg M n 

OO o 

ON n t'' 

0 1 

1 NO o 

CO >o 

■+ PN n 

0^0 
OO 1 ^O 

O 1 

M no 


< n 

CT O-" 


NO ^ 

''CO CO 

CO O ON 

0 0 hT 

r 

M M ^ 

1 n cn 

4 4 n 

n n 0 

»0 "H 

(g 




H M HI 

H H H 

H H H 

M M H 

MM 

M M M 


H M M 

M W 

W M H 

HI 1^ 

Hi M M 

M H H 

Bm 


M M 



0 0 0 

M 1 

o q 0 
n > in 


Mia 

O 0 o 

HI 1 


u u u 
w 1 

O 0 

n t" in 

oT* 





■■■■ 





<1 N 


O O 0 

0 O 0 

M H M 


1 1 1" 

1 1 

n n n 

n n m 


n n n 

n n 

MbuKiJi 


n n n 

n n n 

n n n 

n n n 

u 

n n 

n cn f* » 

1- n -+• 

n no in nO >• NO ^ 

^ NO VO 

iNv rs. hh. on n o 


n 

n n 

n n 

n n en 

n n cn m rn n 

1 n n 

n tn n 

n 1 

P 

O 0 C 

) O O C 

> O O 0 0 o c 

> 0 0 c 

» O o c 

» 0 o c 

ca^rtO cf 0 O 0 

1 

8s 

Ej|n|3| 

0 n ON 
ON 1 n 

*+ ON n 
O \ NO 

gva « 


O O 1 
d nrON 

OnO n 

1 O O 

o O' ON 

<>• W 

1 

NO 

\n Nn n 

‘'.x GO 

m n n 

00 O' O' 
in n 

OO 0 
in 

H H HI 

M 1 d 

cn «n n 

4 4 n 

n>rup 




0 O 0 

O HI M 

HI H H 

H M H 

M M 

M #1 

M M M 

Ph 




o 

n ■»!- n 

'’28 


'’28 

"ti q“5" 
n > n 

"T5^"i3^ 

In 

"^N 



NO NO VO 

NC^ 




00 00 00 
•+ ■+ h 




V 














































r 


1 .16 j 




vO 0'^’+ OO^'^O’^I On'O 

CT>(TkONyOnCO ^^^s,^«* so 

000000 ocooo 00000 

fl-++l-+ ++f-+h f-^ + ' + 


I 


h w o O I 


[-++++ 


^ OvO n O 00 
osoo CO 00 
000 00 


vn 1 Os'© n M CO ^ ^ O 

O ^ ^ ':C' JC^ 

00000 QOOOO 


l-H ++ h I- ( H ++ t- ++H H + I ++“1 ^ + 1 


1 H o> 0 
t- 1 - tI- 0 0 
00000 

0 HI /3 VO 
CO CO 1 1 

0000 
»» « 

0 

q 00 yi 0 q 

0 

0 0 0 0 b 

++4 4 + 

h +4 1 

"I-. 

4+1-4 f- 


H O Vp 
n Vo »-n ^ T 

00000 


n i-t CO vn n 
I- n n A 

00000 


O n 1 Q 
oil 1 

00000 


^'gviT.O'S 1 1 ■ 1 

ofnooo^ 080^0 0^0 0 0 00000 00^000 

++-fH + h +F-+hl- 1-HI-+ +1 +++ H 4 I H 


n 1 0 *0 

'8'8'S o 0'' 

+ I +++ +4 4 ++ 


o M 00 ?o 
vr> + T+ i 


l-H 1 -+ 


h M CO 'O 

00808; 

+4 4 + 4 - 


|.t§ 


vO I-* oo vO 

n n <1 1 1 


nOQO no 0-0 noQ 
11 M p O Q □ 

00^00^0^ OC^OOO 

4 +++ h 1 4 I- I- f I-+ 


n 1 CTs\0 fro 

■>» -Ni ■s'O 'O vO 

000000 




CO O 1 

o CO ri 1 1 

O O O O n 


+++ I ++ f -++4 + 4 ++++ I +4 +++ 


« 9 2 

O O 0 0 o 

4 ++ 1 I 


t|- HI CO ^ 

00000 

+ I -++4 


IIQgyQQ} 


sO-HhjovQ 

0^0 ^ o 8 8^ S 
[- 4 — I — I + 4 + 11 


8 Sig's 


O 1 O *0 

■*»»0 *0 'O on 
000000 


O' CO 

00001 


I-++ h++ h^ +++ +++H y 


O CO ja O 

(^8880 

+ h 1 -+ (- 1 " I I 1 1 


h M CO n 1 
\0 'O ^3 o o n 
0 0 ^ 0^0 

+ 1 -H++ h 


SO o O CO n 
o o 1 1 


O't^ »- 1 
o o p o o 
o o o o 

++-Kh+ I + 4 “ h+ 1 I I 4 4 4 “ 1 


o w O' I 

g'S 000 5 

+ h+++ 4 - 


\p O HI 1 ^ 

O O p Q Q 
O O O 

h 4 — I I I 


1 O' M 

«n 1 S3 1 g 

q^ o o o o 
++++ 1 - 




■J M 1 n 
1 1 1 « 


+ 4 — h 4 + 


>o i^co O'O 

1 1 1 1 en 


w ^ to 'll- ^ 
o o o 00 ?o 


-n o O n 
l-l M M O O 
0000^ 

++4 ++ 


SO t^CO O' Q 
o *0 CO n -T 















































TABLE XIV Contn ued 


E 517 ] 




^ CT "0 O 

n 1 ^ H 

hH 1-1 M M H 

H I f + H I 


On'O ft -+■ 

\ 1 rt i M M 

M M M M M M 


^ H Qo n 1 

M M o o o 

H H M M M 


h*- ’-i* M 00 
Os 0 ^ Onco 

0000 


ihO'O nM 00 

05 ^C 0 *^tN.. ^ n ^ 

00000 oooco 00000 


f+l++ +H+H h H f+H+ H-+H f-M+-^l-+ 


w ;□ -n ov 

w O O O o> 

W l-l ") 


VO o CO n 
^ 0 > O GO CQ 

o o a o o 


^ O^VO M 
CO ^ 

00000 


CO -n tn Q 
VO O O VO ^ 

000 


^ Q> 

■n vi^ ^ ^ 

00000 


1-+++++ +++^ + ++++H I 1- h++ 1 ++ l-^ H M +++ 


n 1 Ov'O n O 

^ ) M M H M 
M M M> H M 


000 O' OS 
H M M O O 


no ■*. M 
Qv OSCQ 00 09 
a o Q o o 


H '+++++ +++++ '+ r+++ ++++ H +++++ + I +++ 


OOsOpnOl^I osvo ^ 

4 S„ IN, tNvO I VO so vrt 

ooq^o^l 00000 


1 OsvO ^ Qs^ *n t-t 
iO s-n -n ^ ^ ^ 

QOOO ,00000 

^ o •** 


M 00 U1 1 ITS O 
^ IH l-l H O O 


ert O o n 1 
O O O O^ O 
M hH O O C 


0 *s 0 en O 00 
CO J 3 CO 09 

u o o o o 


s-n ^ Ov -s. tJ- 

'^SQ VO so 

00000 


Hicoso no CO >niQ N 

VO -n 

00000 00000 


|-^ ++ I H +H “r++ H + H++ +++++ I + ++ +++H H 


CO n 1 OsO n 
M O J O 


O ^ M CO 

O TS CS O o 

M o o o o 


n n O N 

CO JO CO N ^ 

O O O O O 


M OvO fn O 
^ O O sp so 
00000 


, ^ , OO 1 O 

0 \pvp\o I 

o. oOo 1 oc 000 


^ V t 

00000 


h I M hH + H -r I h+^ H I 1-++++ + f-++ I H +++ 


H JO n 1 a 

1-1 000 

M M H O 


VO n ft n 

o' O J 


100 M 


S 0 SOO 2 

00000, 00000 


t|- w C 7 .vg ;+ I M CO so n o 


00000 


++++++ +++++ + I +^ + +++++ j ^ ++++ h++++ 


OIn.|.i-io 3 vO cnO^N'^'^ C 0 -ftft 0 i^[+J 00 n(HCO ^^0 TntW^O*^ 

M o o O Os^ Os Os^ oco 3 o n^n ncj 

S S S S o 0| 6 io(o|o oi jo^o o o 6 j 0^0 o 00000 o 0^0 o o 


4 -+"f^++ j +++H + + ("++ 4 ++++ !+++++ 


1+ CO -n 1 

oso n Q 00 

'g^o'ST o'- 

0 1 os>o ^ 

t-T UO -0 0 

vO -n n n 

00000 

-n os In, 
^ ^ n tn 

00000 

^ *-» OSVO tI- 

0 0 0 Os os ov 
MM 000 

o' o' 0 0 3 

o’ 0 0 <j ci 

f - 1 ++ 1 - F 

++H ++ 

F FH +H 

+++++ 

-F+++ F 

+++++ 

n f J' t- M QO 

^ ,?o S'^ 

n ft h 

g-'o" 

M vo g 1 

0 S^'St 

N n 1 ftsio 

j-t ^ un 

0 0 0^ 0 0 

tI- M CO VO n 
•+ --t* n n 

00000 

M Qo s-n n 0 

«n 111 

00000 

F F++++ 

f 4 

+ F F F+ 

+ h 4 1 + 

h++ 1 h 

+ F F+-F 


Os^ 'i tLS jn 
os O' os tasco 00 
0 0 0 0 0 0 


n 

) I 1 


1 O' VO n 0 
CO N >»Un. 

0 0 0 0 0 

CO -n t O^^N 

vb so so n 

00000 

t ? 

0 0 0 ^ 0 0 

ft 00 n 1 0 
V n n n n 

00000 

i-n d Os N. 

1 1 1 w M 

00000 

+++++ 

+H ++ h 

++-\ ++ 

+4'+++ 

+++++ 

\0 InOO os 0 
1111 

M 1 pn 
n en m n n 

so *n00 Os Q 
«n n n *n ^ 

Rm 















TABLE Xrv Continued 


r 318 j 


f 


f 


1 

1 

00 VO "+ M 

M H Q 0 0 Q 

0 0 0 0 0 0 

++-H+ I-+ 

1 -rl-vO O' w 

88000 

1 1 1 1 1 
— » 

hxO 00 M tn 

M M M 

00000 

1 II 1 1 


BafegM 

nn 

S_ H r» 

*+ -o n 

0 0 0 0 r 

Mill 

c 4 


0 CO 0 1 

H. 0 0 0 6 Q 
000000 

1 + h+ 1 

Ot>.0 1 

0 0 

00000 

1 1 1 1 1 

. _r 

tsi O' 1 ■+VO 

M M 1 H 1 

00000 

1 1 1 1 1 


fciiggi 

tmti 

Jit'S,® ? 

0000 

1 Til 1 

00 

0 

1 


wmm 

00 M 0 VOCO 

0 W H H H 

0 0 0^ 0 0 

1 1 1 1 1 



00000 

1 1 M 1 

vt N, a |. 

^ n hnO VC 

0 0 00 

1 r p" 1 

R 


OH ) V, ON 

888888 

++I 1 1 1 

1 tJ-vO O' w 

W M M 1 

00000 

1 1 1 1 1 

^VO CD H 0 

8 (J 8 o" 5 ' 

1 1 1 1 1 

^co 0 1 
n n *1- -r \ 

00000 

Mill 

0^ 0 0 0 0 

1 1 1 1 1 

^§'8 8"'t 

1 1 1 11 

VO 

Qv 

1 


0 n noo 0 1 

Q 0 0 g w M 
000000 

Mill 

IDDI 

•>. O' 1 t1-\0 

1 1 n n n 

00000 

1 1 1 1 1 

O' f\ ^00 

n h ' 4 * 

00000 

1 1 1 1 1 

0 d H- >. O' 

0 0 n 

0 0 0 0 

1 1 1 1 1 

0 

'8'8'8'S 0 

1 11 11 

lAi 

O' 

1 


nvo CD H *ovO 

0 0 0 H M »-• 

0 0 Q 0 0 0 

1 M 1 1 1 

Qffiny 

bdb 

MsWM 

1 -^VQ O' H 
■+ ^ vn 

00000 

1 1 1 1 1 

n vrwc 0 1 

n 0 o\0 vO 

0 0 0 0 

1 1 1 1 1 

vo'-^vg' 

0 0 0 0 c 

Mill 

B 


■N O' 1 1 % O' 

0 0 Mm 

800000 

1 1 1 1 1 1 

Bm 



VO O' M n -n 

0 o'O VO 0 

0 0 0 0 

1 1 II 1 

'S ° ^ 

0 0 0 0 ^ 

1 M 11 

tn 

O' 



BBQ 

uuu 

EBHSBI 


H 0 

■N ^ 

0 0 0 0 i 

Mill 

A 

O' 


't'O 0* OVO 

0 0 0 (J 8 8 

1 1 1 1 1 1 


D 0 0 0 0 

1 1 1 1 1 


n 'N O' 1 

VO vO VO VO ^ 

q^ 0 0 0 0 

1 1 1 1 1 

'1-vO 00 0 1 
v. N* 0 

Q 0 0 c 

: 1 11 m" 

B 


■*- O' 1 h O' 

H M 1 1 J ^ 

0 0 0 0 0 0 

1 1 1 1 1 1 

Blil 



VO GO 0 f*) 

*8 '8 0 o' o’ 

1 1 1 1 1 

^ O' M ^ 

JO CO 

0 0 0 0 0 

Mill 

H 



■ 

l>« O' w ovO 
■-f I- n n n 

00000 

1 1 1 1 I 

CO 0 
nvo VO ^ 

0 0 0 0 0 

1 1 1 1 1 

00000 

1 1 1 1 1 , 

^ 5 « OcT OT * 
0^0 0 ) t> 

M M M 

1 


0 1 -f n 

-o 0 0 n 

vO 1^00 O' 0 
vn ^ vnvo 

N 1 n •h n 
VO VO 'O NO VO 

VO ^ CD O' 0 
vO 0 VO VO 

m 

^ ,1 1- 0 

VO ^ y of) 


r 






i 






















































TABLE XIV Continued 


[ 319 ] 


0 

IH 


n 1 Q M 

-1 •+ 1 H f? 

0 0 c- 0 0 0 

ON ^ J 

0 d d S 0’ 

ON rs. rh d 0 

H M MM 

00000 

NJ-I 1 0 «“ 

0 0 C 0 0 
00000 

ir ^ ^ f 

0 P hi M M 

00000 

*s ON »H nNO 1 

0 0 d d 0 

m 


++++++ 

l"+ h++ 

+ ++++ 

+ l-hL 1 

Mill 

Mill 

ON 

0 

1 

•rf- M ONvO h H 
14- 4-1 n 

000000 

ONNO Nrh O' 

1 1 ? 1 w 

00000 

*0 H- M 0n>0 

hi hi 0 0 
00060 

^ M W |-\0 

0 Q 0 0 Q 
00000 

00 hi cn n tNi 

0 M M M M 

00000 

01 h ^ On 

0 d d d d 

V 

1 

+++H H + 

+ 4 -H I-+ 

++4 ++ 

+ i^ 1 1 

Mill 

Mill 

00 

0 


tH 00 cn 0 00 

H- n CO ) 

000000 

vn cn 0 CD -0 

11 w M 

0^ 0 0 0 0 

^ 0 00 tTi 

M M 0 0 0 

0 0 0 0 0 


w T^^O 00 H 

■ M hi M M ) 

0 0 0 q 0 

tn vnoo 0 t 

^ ^ J ^ ^ 
00000 


■ 

++++++ 

+++++ 

f-++++ 

Bm 

Mill 

Mill 

0 

1 

■ 5 lawi 4 slH 

1 ON r-. 1 

1 M M W *-l 

00000 


n oco 0 1 

0 0 0 hi M 

00000 

mSHrII 


pn 

■ 


+ ++ |- + 


Mill 

mm 

Mill : 

NO 

0 

1 


On« 0 hi Os 

hi M H hi 0 

00000 

Np h W M Tf 

00000 
o 0 0 0 0 

NO QO en -n 

0 0 hi H M 

00000 

CD 0 rt .nr*. 
0 d d d d 

On d so 00 
n tn en n 

00000 

r\ 

1 


+ H hh 

+^ + 1 1 

1 1 1 1 1 

11 11 1 

1 11 1 1 

rt 

0 

1 

IwMla 

BKym 


ON Cl •t'O O' 

0 hi t-l M M 

00000 

M nNO CO 0 
d d d d o' 

1 vn r- Os cl 
tnfnnn’+ 

00000 

n 

■ 



mil 

11 1 1 1 

Mill 

Mill 

■•h 

0 

1 

1 ONi^ H- 

^ ) ) M W W 

000000 

1 O' ^ H" d 

S fi 2 0 0 

0 0 0 0 0 

w en /NCO 0 

0 6 6 0 W 

0 ^ 0 0 

cn -nr*- o 1 

hi M M > \ 

00000 

Ov w 

d d d 0 0 


tn 

■ 

++++ f-+ 

+++++ 

1 1 1 [ 1 

1 1 1 1 I 

11 11 1 

Mill 

cf 

1 

H- M O^NO ■+ H 

^ ^ >-i M hi H 

6^ 0 0^ 0 0 0 

^NO "ci" M W 

60000 

00000 

•hNO On M rn 

Q 0 0 hi M 

00000 

<0 00 0 n n 

0 0 d d d 

0 « '"i- PS. 

1 n tn Cf n 

00000 

O' hi ^SD ^ 

o' 0 0 d 0 


■ 

+++ }"+ 1 

++++ 1 

1 1 1 1 1 

Mill 

11 11 1 

11 1 11 

\ 

0 

1 

0 OD 0 0 00 

IS CH M h-l iH Q 

000000 

^ 0 8 d if* 

0 0 0^0 0 

^ O' 1 H- 's 

S 8 0 0 0 


EffHa 


r\ 

■ 

H^ ^ ++ 1 - 

^ + II 

1 1 1 1 1 

1 1 1 1 1 

mi 

mlM| 

I 0 


W M 0 0 0 
000060 

1 nso CO 

8 8 8J8 

On CO q 

0 0 0 U 0 

mm 

ismm 


1 


4H 1 H + 

4 1 1 1 1 

1 1 1 1 1 

DBIII 

lUai 

mm 

.■ 4 ^. * 


0 M ^ n H- n 

0 urj w> 0-0 

NO tvoo o» 0 
irt i-n un lOO 

w 1 en ^ n 

NO NO NQ 0 nO 

NO **s00 0 0 

VO NO NO NO 'v 


C CO OsO 

ps- s rs 1 


•9m 


\ 














































































































































[ 3^1 3 


TABLE XV Continued 


HORIZONTAL DIAMETER OF THE MOON 


















































































































































, TABLE XVII 

' TtoceJS t of he Eqt tnoBtal Po as ij Longitude to evny Bay 1 1 tie rear^ incUding the Solar Eaua ton of Precejto i 
D^sljaraary Fdmarv March Apnl j May 1 June I Jd> 1 Anguft ISeptemberl Oaober iNovemb Jd emL r 


[ '] 


H-sO GO 0^ H 


n -n o o O 
1 'ft ^ 


n VO 00 O 


M m ^00 
^ 


O 1 Th\o 

ccToo or n 
-'f ^ ^ 


00 Ov q CT> (7* 
> tt ^ 


CO O 1 'i' -nrs. 

^ O O O O O 
vri VO vi-v 


Ov O WV ■+ 

O H* W M W 
^ ^ ^ ^ 


v® OS 0 

m 

H M M ) 

i“ T- ■'4- 


m tI-sO Ov 

4-4 J- 


O « VTAO 
r\ 


n n 


00 Ov M n 

J ^4^4^ 


\0 CO ov W en 


hvAvO t^CO 

to 0 el CA T^ 

VAVO K*^CO to 


, VO t^OQ too 

1 A T^ J- V.00 

r- 's 

cn cA eA to A 

, 

I^CcTgo 00 00 
en fA 0 A PA 

^00 00 

CA PA A PA <A 

• to toto to to t 
1 A PA CA A PA 
' 

OS to to to <5* 

m A A- A 

. 


^ VAVO iHiOO 

too 1 At}- 

vAvd ^00 to 

BOB 

VITO ^ 00 to 

c 

I 

0 

Th v4- t T 

A CA PA en A 

^ VA lA Vn A 
CA A A A A 

A VA VO A A 

A A A «P PA 

mmi 

VO viTvo 0 0 

A A A PA PA 

>•» tv. ^ >s 

PA PA A *A A 

VTWO 00 OS H 


to 0 « «A t}- 


> A 'i- VAVO 

tv to 0 H 1 A 

0 0 0 0 •-• 

A A *A A A 

moQ 

1 > r 1 

A PA A 

mmi 

PA PA PA Pr" A 

A A PA CA A 

A PA F ^ 

PA A PA CA 

VAVO cn 0 1 

A Xi l^OD 0 

1 'I A l-sOD 

0 1 A^ ^ 

GO 0 H CA tJ- 

vO tv to 0 I PA 

LA A AVO vO 
11^11 

VO v<r vOvOA''- 
Cl d d 01 d 

iVh -v, •v 

1 1 l 1 d 

(^GD or 00 JO 

? ’ V"* ' 

00 ds <5^ to to 

1 i d i d 

to to to 0 0 0 

1 d « AAA 


t3 


0 

V 

s 


u 

s, 

p* 

'O 

•i 

4-1 

§ 

o 


M 

3 


hvo Ov 

0 o o «r o 

1 I 1 « 


H en vj-vo 00 

M H W IH 


O H 1^1 

ms 9 * ^ 

1 1 I 1 M 
« 1 V rt ^ 


tio O ^ ^vri 

H en ?<*» fn n 
ct 1 t 1 


' "r ' 

^ wS 


**s rC 

Hr M- M Ht 


<ih H 1 ^ 

cTT T 


o 'T 


VO 00 Ov W ^ 

■'P vf '»t" -n o 
) 1 I ) C4 


rt (^OO Ov H 
un ri ^vO 


vnvO QO 
VO vq vO vo >o 

IH ^ Ht HT H 4 - 


ojn 


^00 q H m 

. f^Oo'on 03 

tH M W-HI 


'fKi GO Ov H 
GO 00 09 ^ ov 

-M HI tH HI M 


Cl Thvo I** 

ov Ov ^ ov 


H 1 PA h %A 

1 1 cT \ « 

H H 




IQ 


OH 1 PA -fr 

vnO tv JO to 

0 |h 1 pa "f 

vnvO ^00 to 

^ 0 H 1 A Th 

VAO ^N 00 too 

0 to to to ^ 

to d^ Qs q' Os 

0 0 0 cT Q 

H |H H W M 

<f 0 0 0 0 

HI H H H M 

J 

4 S 

MHHHht 

M M H V HI 

,{ ., . 

11 

II 

IJ 

11 

11 

r 

\0 tvCA 0 H 

1 ' 
A pI a tvOp 

'■ t ' ■ ■ . 1 

too 1 JfA Tf- 

1 

ipvO oft pvO 

_ ' 

1 M *h >0 

tvQO to 

n A'-AVO 0 

■ ■ "l-r 

\0 VO VO ^ 0 

^ ■ 1 

vO kv tv Iv tv 

( 



^ 4 V. 

00 09 CO 00 00 

nr — i 

GO od'oo 


C=r 


tK 

3 


I 




vO CO O M 

V. 4 , 
O o H H 




CO d w 

I 1 


cn /VO oo O 
d 1 I n 


1 n 4 


to s^ O I 1 n h /V 

U M H HI 


Hf eo 

erj cTj 1^ cc- o 


iOv 1 ^ 
in F ^ F 


VOl “nco to O 

Ml HI HI IM ) 


V cn ft* -n 
^ et l (A cst 


t^OO Oh A-^i- 

VA VA VI 


S s 


r 


VO o O' O w 
I el A CA 


19 9 













































C 3*4 ] 


TABLE XVIir 

Equation of the Equimw in Longitude 

Aroumekt Long of 1) s £2 


Degrees 

0 Sig 

I Sig 

ir Sig 

■ 

VI Sig 

4- 

Vll big 
+ 

VIII 5ig 
+ 

o 

0 0 

8 ,9 

BM 

30 

1 

0 3 

9 a 

■9M 

^9 


0,6 

9» 5 

BSI 

28 

3 

0 , 9 

9 1 


a; 

4 

I,- 

10 0 


26 

s 

I, 6 

ZO, 2 

1 16 . 

“S 

■■ 

^ 9 

10, 5 

■B 

24 


2 , 2 

10 , B 

Bsn 

23 

hI 

- 5 

11 , 0 

HSU 


■B 

2 8 

11 2 


21 

■al 

3 I 

It s 

HSU 

^0 

B 

■B 

Iij 7 

l-t 


1% 

KSH 

12 , 0 


18 

13 


12 , 2 


17 

■SB 


12 , A 


16 

BW 

■B 

12 6 

HSH 

IS 

B 

4) 9 

12 , 8 

17 , 3 

14 

B 

S. a 

13 * I 

17 4 

13 

mm 

s s 

i3» 3 

17 s 

12 

^9 


i3» 5 

17 . s 

11 


4 1 

13 , 7 

17 , 6 

10 

21 


13, 9 

17 6 

9i 

2 ^ 


14 , I 

17 7 

§ 

23 


14 , 3 

17, 7 

7 

24 


14 , 5 

17 8 

6 

®s 

■Ibqh 

14 0 

17 S' 

S 

26 

7 8 

14 , 8 

^i7» 8 

4 


8 , 1 

15 , 0 

17,8 

3 

28 

8 , 4 

i5» I 

17 9 

a 

29 

0 '^ 

i5» 3 

17 9 

■■ 

30 

8 , 9 

15 s 1 

17 9 

^H 


Vlig 

1 

ivlig 





+ 


f 


3d: Sig 

X Sig 

IX Sig 

P 

































[ 3^5 ] 



Januiry 


c o 19 42, 6 

6 o 23 39,3 

1 0-7 aSj 9 

8 0 31 32,4 


7 i> 4 

o 58 o 

4 54 5 

8 51 I 


I 29 47 , 7 
I 26 44, 2 
I 30 40, 8 
I 34 37 i 3 


1 38 33 9 
I 42 30 4 
I ^6 27, o 
I JO 23 s 


29 fc, 20 I 

30 I 58 •'6, 7 

31 2 2 13 ) 


Febiuary 


6 g 8 

« 10 63 

2 14 2, 9 

2 17 39 4 


2 21 56, o 
25 S ) 5 

- 29 49 ) I 

- 5 ) 4 *? 7 


March 


4 28 s h 
43* 3 

4 35 58) 9 

4 39 55 4 


April * 

1 May 

1 

June 

H M S 

H M 8 

• 

1 "* 

H U 9 

5 58 46, S 

6 2 43, I 

6 6 39 7 

6 10 30 a 

7 57 3 . a 

8 0 39 8 

8 4 SO. 3 

8 8 32 9 

9 59 16.4 
10 3 ij.o , 

10 7 9 3 

10 11 61 

6 14 32, 8 

6 iS 29 3 

6 2- 23 9 

6 ^6 22, 4 

8 12 49, 4 

8 16 46) 0 

8 4,3 

8 -4 j9 I 

10 I ^ 2,6 

10 lb ^9 a 

, SS )7 
10 a6 5 3 

6 30 19, 0 

6 34 IS 5 

6 18 12, I 

6 4a 8^ 6 

8 -.S 3 S 6 

b 3a 3- - 

8 36 28, 8 

8 \o 23, 3 

10 30 48,9 
10 34 43 4 
10 3b 4 ,0 
10 42 38,5 


2 53 28 4 

- 57 aS>o 

3 « ai, j 

3 5 J8, 1 


3 9 J 4 i 7 

3 13 ”»a 
317 7. 8 

3 21 43 


32c 09 

3 8 S 7 4 

3 3a S 4 iO 
3 36 So> 5 


7 r Si»4 
7 5 48 , o 

7 9 44.5 

7 13 41 . I 


7 17 37 6 
7 21 34,2 
7 25 30, 8 
7 29 27 3 


9081 

9 4 4, 6 

981^ 

9 ” 57. 7 


9 IS 54 3 
9 19 50. 9 
9 a-, 47 4 
9 27 44,0 


II 2 21,3 
II 6179 
II 10 14,4 
II 14 11,0 


3 31 10, 6 

5 :iS 7 . - 
5 39 3. 8 

5 43 oj 3 

7 33 a 3 9 

7 37 0, 4 

7 41 17. 0 

7 45 13 5 

9 31 40, S 

9 35 37 I 

9 39 33 . 6 

9 43 30, 2 

II 33 53.7 
II 37 50.3 
II 41 4 < 5.9 
II 45 43 4 

3 46 36 9 

5 SO S 3 4 

5 54 50.0 

7 49 10, I 

7 S 3 6,6 

9 47 a6, 7 

9 51 23 3 
9*55 19. 9 

II 49 40,0 
II S 3 36,3 


la the montijp <Jf JinUfiry nid Ttbimry in lenp year, tike out for the diy pioceding tlie given diy 











































[ 3^6 j 



Augufl-. I Septanbci O^lobci I NovLmbe) 


II 57 I 

I i () 6 

I s aO, 

la 9 7 


I 13 nj »3 

I- 17 15,9 

I -.1 I ,4 
I- a5 90 


9 

-33 - I 

36 58,6 

-40 ?S - 


la 1.^ 51,7 
1- if 
I- 5a 

I 56 41 I 


r3 o 3J,o 

4 31 ,? 

13 8 31 i 

13 la ^7 6 


13 16 24,2 
1 3 20 o, 7 
13 -4 17 3 
13 8 13,8 


‘3 S9 ^>3 
M 3 4 b 
^4 7 39»4 

14 XI «6,o 


14 15 3» S 
14 19 9,1 

14 j S»6 
14 -7 22 a 


14 31 18 7 
14 3 S ij 3 
II 39 11,8 
'4 43 84 


M 47 SO 
14 51 15 

14 S 4 S8 t 
14 53 54 6 


16 I 
16 5 

16 9 

16 13 


16 17 
16 ai 
16 -5 
16 4 


16 33 
16 37 
16 41 
16 45 


16 49 
S 3 

16 57 

17 I 


- !i 9 1 - 
6 ^6 o 


II 19 I 


13 SS 49 / I! 5 '’ 


*7 

20 

50 6 

'7 


4 7,2 

17 

28 

43 7 

17 

3 !^ 

VO 3 

17 

36 

36 s’ 

17 

40 

33,4 

17 


29,9 

;i 7 

48 

26 3 

17 

S, 

23,1 

17 

1 

56 

19,6 


1 ji 6 20 3 ^ 

18 35 4f,a o j7 

18 39 i)T 7 20 11 

I 4-3 38 3 ao 45 


18 47 3 1 S o 49 

i8 ji 31 1. o 53 

SS 7 9 “5/ 

18 59 24,5 -I I 


19 3 21, I 5 

19 7 17,6 21 9 

19 11 14 a 1 n 

19 15 10 / [ 17 


19 19 7, 3 ai 1 

19 -a 3 ,b i a5 

19 -7 0,4 -1 ^9 

i 9»'30 56, g 21 3 


19 34 S?»S ai 3 / 

19 38 50,1 I 41 

19 4- 46,0 ai 11 

19 16 43 % ai 4t 



16 

3 ® 3 

-/ 

20 

28 8 

2 

-4 

-S I 

2 

-8 

-J 9 


3 

xS 5 

- 

36 

15 0 


40 

II 6 

- 

_24 

8,. 


34»3 3 3 SO, 9 

30,8 -3 7 1.7,5 

■“/, 1 -j II 44 o 
- 9 a, 15 40 6 


0,5 -j 19 37,1 

i7> ‘ 3 23 33 7 

1^3,6 3 7 30 J 

fO,_ 23 3! .. b 











































lABLE XX 

Mean Motiom of ft Sms RtgU Afetifion in ftme^ to Hows and Minutes of Sidereal TV 
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TABLE XXI 
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RIGHT ASCENSION OF THE STAR 
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Showing how miub the Nonagejimal Degree, and tfs Altitude, ate altered 
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2488 

2362 

22 J 9 

2119 

^QOJ 

18S9 


SO 

SI 

2889 

2750 

2616 

m 

m 

^^*17 

2 !i 7 

2001 

^ )888 

i ‘777 

51 

s* 

2887' 

2748 

2614 

E£!l 

tSaw 



■mli 

1886 

I/ 7 S 

5 =^ 

S 3 

2884 

2746 

26x2 

248 

*355 

2-^33 

2< 13 

^997 

18S4 

^774 

f 3 

, S'*- 

2882 

*744 

2610 

2480 

3353 

2231 

21 IX 

ms 

1882 

1772 

S 4 

ss 

2880 

-741 

^607 

»477 

If 

351 

2229 

2iog 

J993 

1880 

1770 

S 5 

1 


’-739 

2605 

*475 

2349 

2-47 

-<^91 


1878 

1768 

SG 

5 Z 


2871; 

737 

-603 

2473 

2347 

2245 


^909 

1876 

1766 

s& 

2873 

- 73 S 

^6ox 

2471 

*345 

22-3 

4 &XQ 3 

I 0 g 7 

1875 

1765 

58 


■2870 

-73a 

-S 90 1 

^469 

2343 

2-2Q 

2^01 

1980 

1S73 

1763 

59 

60 

w 868 

1-2730- 

H 

2596 

3-167 

-.341 

-218 

2099 

1984 

1871 

1761 

60 


dO 

31 

3 * 

33 

r 1 . .. . . 

34 

35 

36 

37 

38 

39 
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60 

61 

6-f 

6^ 

64 

65 

6C> 

67 

68 

69 

5 600 


3720 

3780 

3840 

3900 

1 3960 

4020 

4060 

4140 


I oooo 99-^8 
9999 99^7 
9998 99^6 

9996 9935 9854 

9991; 9933 9853 

5 1 9994 9933 9853 


97'7 9^5° 

9716 9649 


9586 9521 9456 

gSSS 9Sao 94SS 

9^84 9^10 9454 

9583 9518 9453 

9583 9516 9453 

9i;8i 9511; 9451 


9993 99=' I 

9993 99 o 

9990 9910 

9989 991b 

9988 9916 


81 

9713 

80 

9713 

79 

9711 

78 

9710 

'/7 ! 

9708 


9387 6 

9386 7 

9385 8 

9581- 9 

9383 16 
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g;fa6 9914 gbK 9 
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If 9982 9910 9840 9 
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8 9-(44 
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9837 9 

9B35 
98^4 


I 99 1; 9903 9633 

99 4 gyc gSjS 

33 99/ 9901 9831 

4 9971 9900 9830 

2^ 99 o cjh99 9029 


9569 9J04 9439 

956/ 9S02 943b 

9^66 9iOi 943 / 

9565 9 SOO 9436 

9^)64 9499 9l3S 


64 9696 9639 9i;6j 

63 9695 963 b 956^ 

63 9694 9637 9561 

61 9693 9636 9560 

9693 9635 9i;i;9 


937 » 

21 

9370 

2^ 

9369 

-3 

9368 

24 

9367 

-s 


9897 98-7 97Sb 

gbgfi gb 6 9/57 

9895 9756 

9894 9834 97S? 

9893 9833 9754 


9631 I 9SSS 
9620 


60 61 62 6g 64 65 66 ^ 



















































































[ 429 3 


■' TABLE LI Co?ittniied 
Logtflic Logarithm 


















































































[ 4.0 3 



71 

7sf 

73 

74 

75 

Jl - 

77 

78 

79 

4060 

43-0 

4380 

4440 

4500 
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71 
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4320 
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m 

1 
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g* 9 b 

9 97 
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40 
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905* 
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TApLE I 

For convLfttHg DegieLS^ Minutes and Seconds into Tme 

Rttte Tike the clcpiees, minutes and feconds from the fiifl: third, and 
hfih columns, and agimft them you have the toucfponding times the fum of 
which IS the time lequiicd 

Example Reduce 78® 39' ^7' into time 


70 

4' 

40' 

0^ 

4 

0 

16 

0 

30' 

0 

2. 

0 

9' 

0 

0 

36 

50" 

0 

0 


f 

0 

0 

0,466 

Time icquiied 

4 

,58 

39>799 


TA^LD 



THfi USE OF THE TABLES 


TABLE 11 

Fo^ coni^erttng Time into Deffrees, Minutes and Seconds 

Rui E Tike the time fiom the firft, third and fifth columns, and agauifl 
them you have the degrees, minutes and feconds dor elponding the fum of 
which 13 the qiUntity inquired 


Example Reduce 17^ 34' 19' 

10/; 

7 ^ 

30 

4 

lo' 

9" 

Dcgicefs requited 


into degrees, minutes and feconds. 

750 o o" 

105 o o 
7 30 o 
100 
o 2 jO 
o 2 15 

163 34 4 j> 


TABLE III 

For com&tiHi Minutes and Seconds into the Decimal of an How 

RtTLr Tike the time fiom the fiift and thud columns and againfl: them 
you have the ccrcfponding decitpols, the fum of which is the decimal re 
quiicd 


L3i\mple What IS the decimal of 19' 47'''^ 


10' 

,166^6 


,15000 

40' 

,011 TI 

7' ’ 

00194 

Jl 3 ccuftal requiied 

. 3 !^ 97 i 




TABLE 


JHr \I5E or Til£ T \BLES' 


TABLE IV 

c 

^ F( T jindm^ the Lett *h of cn mlar Ai cs to Radius Uuifv 

Ruie Tike the degfLcSj minutes and feconds from the firfti third and 
fitih toliimns, ind them jou have the correfponding lengths the turn 

o( whieh lb the length lequiicd '' 


Whu lb the length of an aic of 

a} 4 ^ 5 ^'^ 


0,52^5988 

7 

0,12217^0 

40 

0.0116355 

2^ ) 

o,ooo 58 t 8 

IjO 

0 0002424 

8' 

o,oooOj88 

Lengil lequired 

0 658270^ 


ff the 1 idiiis fje not unity the length miy be found by piopoition, by, 
faying, unity ladius length here found the length required 

TABLE V 

£<h Jtuchng iht Sm s Parallax m Alltiude, the appaieta Altitude being given 

Rule Find the nltitude under the column Suns Alt and ngaiiift it you 
have the pamlhx If the nppaient altitude be not found m the Table, '•he 
parallu muft be found by piopoition 

Example What is the pariUix at the appar^t altitude 47* zf ao' 

At 40 app alt the piiallax IS 6',7 o 

— 50 6% 

r 

10 1, oS r 


Hence, 10 7® zy' zo" i" 08 o'^S, winch fiibtrafted fiotn, (d',y leaves 

5' ,9 the paiallax Hence, the altitude, corredted foi parallax, is 47 zy' 2,5', 9 




TABLE 



THE USE OF THE TABLES 

■> 

TABLE VI 

Contains the mean Right Afcenjtons and North plar Dtjiances of ^6 frtmpal 
f\edStais foi th Bigmntng ^1790 together vath thei) annual Preceffions, and 
piopit Motions all os f titled by Dr M^skel^nl , thence to deduce ihetr places 
jor any othet Tear 

Rule Multiply the annual preceflion by the numbei of yeais between 
the g vcn yenr and 1790, and you get the onnuTl preceflion for that interval 
Then if the given jeu be after 1790 add the annual preceflTion in right afeen 
lion for that interaal to the right ofcenlion for 1790, and you get the mean 
light ifecnlion foi the beginning of the given yeai and apply the annual pre 
cellion in noith polar dihance for the interval accoiding to the fign, to the 
noith polai diftance foi 1790, and you get the north polar diftance at the 
beginning of the given yeai But if the given yeai be before ^Oy fubhaEt 
the annuil pieceffion iq light olcenlion, and apply the annual piccelEon of 
noith polar diftance with a conn as y fign 

Example What is the mean right afcenlion and north polai diftance of 
’’Sinusy at the beginning of the year 1800 f 

Mean light afeenfion for 1790 - 35' 53"544 

Mouon in pieceflion for 10 years * +a6, 79 

Mean right afeenfion for 1 800 - 6 36 20 23 


Or, in degrees it is 99 s' 3^45 (Tab H ) 


North polar diftapce for 1790 
Motion in pieceflion for 10 years 


106*^ 26" 21^1 
+ 4 ^, 5 


^o^th p^lar diftance for 1 800 


106 27 3, 6 

IT 


> 






TABLE 



THE irSE or IHE TABLES 


TABLE VII ^ 

t 

Coniatm the Sum of the Preceffion, Abetration^ and Solar InequflUiy of Puceffon 
fomthe beginning of the Tear 0/31 pruufpal Stats, tn Degrees being one Part of 
the CotreSton of the mean Right Afcenjion from the beginning of the Tear 

T f 

Rlle Agiinfl: the day of the month, under the given fla , you hive the 
equation required If the day of the month be not found m the Table, the 
equation muft be found by piopoition 

Example What is the equation foi Sinus on Apiil 27 ? 

the equation + 3", 4 
■ + 1 » 3 

2, I 


i^5> which fubtiadted from f [ 3'‘',4 giics ^ 1**9 
■the equation, 01 coiredion lequired 


Apul 20 

10 

Hence, 10 7 2",i 


TABLE VIII 

Contains the Equation of the Equinoxes, and Deviation of the fame Stars as tn the 
laf Table, in Degiecs, being the other Part if the CorreEhon tn Right Afeenfon from 
the beginning of the Tear 

Rule Entei the fiift; column with the longitude of the moon s afccnding 
node (Tab XXXT XXXII), this equation depending upon tie place 
of the node, and agunft it, undei the given ftar, you have the equatioiv ic 
-quired If the longitude bo not found in the 1 able, the equation miifl, be 
found by pioportion 






Example 



IHL USE Oh THE lABECr 

Eaampee WIni IS the equation of Sttius on Apiil 27, 1800 ^ 

The longitude of the moon’s afcending node is o ay' 4' 

*• 

Long of D 's S3 o o* - Equation — o ,4 

' i 010 » - — 2,0 

1 1 , 

0 10 2 , 5 


Hence, 10* 27 4" 2' ^ o',r, which -idded to -■o",4, gives -o',^ 

tlie equation, or coiiedlion rcquiied 

Fiom this, -ind the lift eximple, we find, the whole correftion of Stilus on 
Apiil 27, in the yeai 1800, to be +i ,4 but the mein right ifcenfion 
of Sum at the beginning of 1800 we htve found to be 99 5' * 

hence, the tiuc light ifcenfion of Sirtus on Apiil 27, i8oo, is 99 ^ 

4 >85 


TABLES IX AND X 
jire Tables VII and VIII e'cprejjed ttt Sidereal Time 

The ufe of thefe being exidtly the fanje as that of the lift two Tables, U 
IS unpecclTiry to idd my e\iraples 4* 


TABLE XL 

Contains that Part of the P,quatm of the Obhq uty of the Echptir, zvhtch anfes 
from the unequal Force of the Sun tn caufin^ the Preeffon of the Equinoxes, and 
therefore depending U'^n the Sun, it mufl he the' fame every Tear 

• ) 

Rule Take the diy of the month, and agamft it you have the equation 
acquired ' If the given day of the month be not found m the Table, the equa 
non mull be found by propoition 


Example 
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Esampi e What is the equation on May 24 > 

May 19 - Equition —0,4 

»6 - 5 


7 




O, I 




m 


Hence, 75 ff .1 o'>o7» ^vhich added to *-0,4 gives - 0^,47 thecquv 
tion 


TABLE XII 

Coiiiam that Pai t of the Eqitatm of the Ohltqutty of the EdtpUc, mohih a) 
fom the unequal Force of the Moon tn caujing the Pi ecejjton of th Eqimotes, and 
which dtpends upon the longitude of the Moon i afcendittg Node 

Rule Entei the Tabic with the longitude of the moon s afcending node 
{Tab XXXI XXXII), and ag unit it you have the equation requiicd It 
the longitude be not found m the Table, the equation rauft be found by pio 
portion 

Example What is the equation on May 24, 1798 

The longitude of the moon s node 13 2 4 17 

Long of j s a 2 4 - Equation I-4 i 

« — S - 1-4» o 

01 0, 2 


Hence, 1 17' o",2 p',06, which fubtiaiSfed from 4', 2 leaves +4,i'i. 

the equation lequired 

Hqncq, fiom this and the laft exaraplq, the whole equation of tjie obfiqviitj 
of the ecliptic on May 24, 1798, IS +3 ',67 i 




r- 
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TABLE XIII 

Cofitmtis the mean RefiaSlm of the heavenly Bodies^ cottefpondm^ to then appaicnr 

Zmth Dt fiances 

Rxtll Find the apparent zenith diftinc^, and againfl: it you have the 
mean refradtion If the diftance be not found in the Table, the lefraftion 
muft be found by propoition ' 

I 

Fxamplb What is the mean leiiaftion at the apparent zenith diftance 
71 15 48^? 

At 71 10 zen dill - Refraftion a'’ 45''',83 

~~ 7^ a 47,39 

10 Z~5^ 


Hijnce, TO f 48'' i ,56 o",9, which added to z' 45^83 gives z' 46^73 , 
the reflation lequired 

This Table (given by Dr Maskhiyne with this Obfcrvations, 1796) 13 
confliufted to give the refiadtion when the baiomctei ftands at 29,6 inches, 
and the theimometei at 30 degrees , the next Table is to correal this, foi any 
vanaiion of the baiomela and theimometcr from thefe altitudes 


TABLE XIV 

Cofitatm Denmhy vohtch mutltplted mto the mean ReftaShon, gwei the Cme^ien 
fot ih Vamftoti of the Weight and Temperature of the Atr 

RniiC Find, in the uppei horizontal line, the height of tin. barometci 
and in t’saliifl pcipendicuUr lina the height of the theimomelei, and cor 
lefponding to vheiij you have the decimal required, which multiplied into 
Ihc mean icliadtion, and ippjicd tb the mean rdiadlion accoidnig to the fign, 
gives the tiue leftaftion If the altitudes be not found in the Xable, tht 
dtcimvl mull be fouttd by piopoition 








Voi II 


1 


K K. « 


I XAMPin 


T^B of THS TABI/B8v 

^ ExAMPir What is the true refiadlion at the appaient zenith diftance 
>ji if 48", the barometer ftanding at 30,35 inches, and the thermometei 

at 61,8 inches ? 

r 

Againft 61 under 30, j inches - Dec - ,004 

, 3o>4 - - - ,0QT. 

o I ' >003 


Hence, 0,1 0,05 ,003 0015, the quantity by which ,004 muft be dc^ 

creafcd, becaufe the decimals decteafc 

Againft 6 1* under 30,3 inches - - Dec -,004 

61 , ■ — - Dec -,006 

1 ,doa 

— I ^ 

Hence, 1 0,8 ,002 ,0016 the quantity by which ,004 muft be incieaftd, 

becaufe the decimals mcreafe, confequently the decimal coiiefponding to the 
given altitudes of the barometer and thermometer is - ,0041 Therefore the 
rarredUon is -,0041x2 46" 8 (the mean refradtion by the laft example) 
= -,68f hence, thei^iiercfradtioniis af 46^,8 -,68s: 2.' 46",! a 


TABLE XV 

Cotaam ihe AngmentaUon of the hortzonial Diameter of the Moon for any 

apparent Attitude 

Rule Enter the horizontal line at the top with the moon s horizontal 
diameter, and the fiift perpendicular line wrh the appaient altitude, and 
againft them you have the augmentation required If the diameter be not 
found in the Table, the augmentation muft: be found by propoition 


4 




“S 


Examplf • 


r 


THE iTSE OF THE TABI,FI 

Examplt If the horizontal dnmeterof the moon be 29' 38', and the 
“ippaient altitude 56“ 3®' » what ib it’s diameter ^ “* 

At 29 30'' diameter, and 56 app ili augment 2^ 4 

29 50 ■ 23 9 

o 20 ^ ^ ^ 


Hence, 20" 8^' ©",5 o",2 the mcreafe for 8" 

At 29' 3o''Miameter, and 56* app alt augment 23",+ 

57 

^ O, 2 


Hence, 1* 32' o",a o",i the mcreafe foi 32' Therefore 23'',4+o*,2 

+o",i !=a3'',7 the augmentation of the diameter Hohoe, 29' 

30 i",7 the diameter requued 


TABLE XVI I 

Cotttatns the mean Fm^on of th Equrnmal Pants forTms .m M you 
Iwe the Number of Tern tn ate Column, and the Preceffion m another agatnft them 

Rule If the number of years be found in the Table, yo« have ^e pre 
ceffien required But if the number of years be not in die Tabic, divide il 

into fuch p'lrts AS can be found 
Examt LE What IB the mean preceffion m 3247 yeaia> 


Years 

300a 

200 

47 

preceflion 


Precef, 41 57' 

2 47 49» 9 
o 39 26, 4 

- 45 H 45»3 


K & K 2 
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lABLE XVII 

Contains the me<in PreceJJion for evety Day of the Tear^ including the folar Equation 

f 

Rulf Enter with the month above, and the day of the month on the fide, 
and againfl: them you ha^s the preceffion , obferving the lulc foi leap yeai 

Example pieceffion for January 19, in the year 1796 (being leap 
year), is 3 ,4 


TABLE XVIII 

Contains the Equation of the Equinoxes in Longitude 

Rule Enter yyith the longitude of the moons afcending node 
(Tab XXXI XXXII'^, the figns above or below and the degrees on one 
fide, and conelponding thereto you have the equation, to be applied according 
to the fign 

Example What is the equation on July 19, 1796 ? 

The place of the moon s afcending node is 3* 9 59 , againft the neareft 
place to whidhi you find - x7",6 the equation icquired, 

* The mean longitude of a ftai, fettled to fome epoch, 13 to be corietfted* by 
the mean precofiion and 'equation of the equinoxes, and if to this we aoply 
the corrcdlion of aberration^ we get the true longitude 


TAB I E XIX - 

Contains the mean Motion of the Sun in Right Afcenjton to every Day in the Tear 

\ 

Rule Enter witli the month at the head ind day of thc' znontlir af the 
fide, and corre^onding to them yop have the mean motion ^ ^ 

p 


Example 



THE V9S OF THB TABLES 

Example What is the mein mouon of the fun in right afcenfion on 
Febiyary i6, 1796? 

This being leap year, we muft take out foi the preceding day , hence, the 
mean motion in right ifcenfion is 3A i' ai',5 


' TABLE XX 

Cotaam the mean Motion of the Sun in Right Afcenfion, comjpondmg to Sidereal 

Time, for Hours and Mmutes 

Rule Enter the columns undei fidereal time with the hours and minutes, 
and agiinfl: them you hive 1 he mean motion of the fun in nght afcenfion 

Example What is the mean motion in nght afcenfion for 17A 48, 
fidereal time ? 

17 A - a' 47'>io 

48' 0 7 > 86 

Mean motion in nght afcenfion 2 54> 96 


TABLE XXI 

Contain} the gquatm of the Equinoxes, m Degiees, ;« Right Afcetfion 

Rule Enter the Table with the longitude of the moon’s ifcending node 
(Tab \XXI XXXII ) the figns at the top or bottom and the degrees on 
the lidc, ind coiiefponding to them you have the equauon required 

ExAMP^-r What is the equiuon of the equinoxes m right afcenfion on 
July 19, 1796? 

The plice'’^f th)f moon s afcending node is 3' 9 59', agaipR the neaicft 
place to v?hich ;^ou find - 16", i ^e equation icquiied 


TABLE 



THP VS* op TPS TABIEfi 


l^ 


TABLE XXII 

Js the fame as the laji^ QtUy the quantity ts exprejfed m Time 

r 

TIic unifori motion of the equinodtial points being diftuibed by the nuta 
tion of the eaiths a\is,^the tiue equinoi. will differ from the equinox com 
puted iccoidmg to the mem motion, by which the true right afcenlion of all 
the ftais will be ^fleded The two lafl: Tables exhibit only part of this effedt, 
except for thofe ftais which aie in the equator, the other part, calfed the 
Devtatm (1043), is found fiom the next Table 


lABLE XXni 

Is to find the Deviation of a Stat m North Polar Diffance, and ih JRj^hd Afcenfion 

For the Devtatm tn North Polos Dyiance 

Rvll Lntei with the light afcenfion at the top, and tlie longitude of tlie 
moon’s node in the fiifl column on the left, and againft them you havff 
the deviation, If the right afbcnfioa be not found in the Table, the deviation 
muft be found by proportion 

Example What is the deviation of a ftar in north polai difrance, it's 
right afcenfion being z* tf 30' 19", and the longitude of the moon's node 
3 7 40 ? 

Foi jfi? a* z5 and long J 's sj 3 the deviation is +i'',45 
" ■ ■' ’ 3 o ' ' ■ +0, 83 

05 o, 6z 


Hence, 3 a 30' o',6a o",3i to be fubtradted, as the deviation decreafes 

* • * 

For AR 3.' 2^ and long 5 's a 3* 3“ the dcviauon js + 1",43 

10* «— — — *H-a, a 6 

03" o, 81 


r 


Hence, 



THE USE OF THE TAfll.ES 

t 

Hence, 5’ z 40' o',8i 0,43 to be -idded as the deviation mcreafes,, 

therafore the dev^ttioii in noith polar diftance is + 1',45 - o",3i +0 ,43 = 

For the Deviation tn Right Afcenjion 

Rule Add j figns to the ftai’s right -ifcenfion, if it 3 decimation be nortl^ 
oxfubhaS xifotithf and with this, as a new right afcenlibn, find the equation 
from the Table *13 befoie, and multiply it by the tangent of the declineition , 
and if the (tar’s right afcenfion, thus conedted by 3 figns, and the longitude 
of the moon s node, ore both more, 01 bodi left than 6 figns, ulL the 
algebraic fign of the Table, but if one be moie, and the other lefs dian 6 figns, 
change the fign of the Table 

Example If the right afcenfion of a ftar be 2 27 30' 19", anddecli 

nation 37 28 30' N what is it 3 deviation in light afcenfion, the longitude 

of the moon’s node being 3 7 40" ? 

The ftors right afcenfion, increafcd by J figns, becomes 5 27* 30' 19' 

Tor 5 25 ^ R and long S s iS 3 3 the deviation is —6 ',9 9 
6 o ' ' ■ — - 7s 09 

05 O, IQ 


Hchce, 5* 2 30' 19" o', I which is to be added to 6 ,99, as 

the deviation is increofing 

For £* 2^ A R and long u s sa 3' 5“ the deviation is - 6", 99 
— 3 10 "-6,83 

03 o, 16 


Hence, 3* 2 40' o",i6 o', 09, which is to be fubtiodtcd fiom 6', 99 

therefore -'S'^59-0'' 05^ ©',09= -6",93 , and this multiplied by 0,766 
(tang of dec ) gives - 5" 3a the deviation in right afcenfion 

This Table Dr Maskelyne gave with his Obfcrvations for 1796 
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TABLE 
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TABLE XXIV , r 

Contam th Ttme m whuh Lt^hi moves over any Part tpr APilttple of the mean 
Radius (if tie Earths Orbit, fn^pofedto be Unity 

Rule Enter wUhtW given diftance m the column oiPatts ofOrbis Martm 
-ind againft it you h^ive the time * * 

Example How long will light be in moving otci 0,784 of thS earths 
ladius** 

6 ' 19 ',9 
o I, 9 


6 ai, 8 Time 


TABLE XXV 

Contains the Nonagejlmab Degree 0/ the Ethpue, and it s Altitude, for the Latitude 
of Greenwich, reduced (173) to the Earths Center, fttppofed to be 51 14 7' 
jfor the Obli^utiy of the Elliptic 23“ a 8 ' * 

Rule Enter with the right afcenfion of the mciidnn, ind ngainft it you 
have the nonagcGmal degiee, and it a altitude If the right afcenfion be not 
found in the Ttble, the lequircd quantitiea mua be found by propoition 

Example If the right afcenfion of the mciidian be 3 j if 30', wlnt 13 
the nonagefimal degree, apd it’a altitude ? 

AR Mci 37* nonog deg i aa 41' ao" 

o® * ■ — ‘ I aj 23 ao" 


42 o,- 


Hence, !• 17 30" 4a' la' 15', which ^ded to 1 aa 41' 20 i gives 

^ 53 35^ the nonagefimal degice 


.78 

,004 

,784 



THP PIE OP THF TABtC* 


A R Mcr 37* 
z 


lit nonag 55 35 o' 
■ 55 49 3Q 

' Z4 $0 


Hence, i* 17' 30" 14' 30" 4' 14', which added to 55 35' o", gives 

S 5 ° 39^ *4^^ altitude of the nonigefimal degree ’ 


TABLE XXVI 

Contains the GorreStm to he applied to the hjl Tablet for the Latitude of one D^c 

nofth of Greenwich 

Rule Enter with the right afeehfion of the mid-<heaven, and you have 
the correftions requited If the tight afeeufion be not in the fible, the cor 
reftions muft be found by propoition If the latitude be not one degree from 
that of Greenwich, change the quantities found m pioportion 

Example Ih the la^ ibtamifle, wHat i4 the n<>ftigefinial degree^ and it's 
altitude, for a place 20' north of Greenwich ^ 

r I 


A R mid-heay 30% the cor foi i’ are 

' ■ 40* ' ' ' 

26,0 

S4'»3 
5S» 9 

10 

S»4 

Te 


f H i ( 

Hence, IP 7 ;[|j‘57Jr fr® 

sfedmal deferee nnd altitude, 1 foi l Change of lailittidfet theiefoirel 

IJJ ' ll M ' Ij / 



the ref^iuEtive coireftions for 20' change of latitude, hence, 3i',4-i',3i^ 
30^,09 = 30' f the coileftion foi the nonagefimtl degiee, and 54^3 +o',39 
= 34',^9=i;4' 41" the coiieftion for the altitude Therefoie i 22* 53' 35" 
+30' i"=si 23 23' 40'the nonagLfimol degree, and 55 39 14"- 54' 41" 
as ^4'’ 44' 3 it s Altitude 

VoL II 


L L L 


If 
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If the place be to the fouth of Greenwich, apply the correftions i^ith a 
contrary fign 

r 

The calculation of par Jlaxes by the nonagefimal degree and it’s altitude, 
being generally ufed m computing folai eclipfes, and ocpultitions of the fixed 
fUrs and planets by the moon, thefe two Tables will be very ufeful for that 
purpoft , , 


r 


TABLL XXVIl 

CaHtatns th Angle between thi EehpUc (m 4 a ParnlUl to the Equator ^ to tka 
Obhqutty 23 28 , With the Vartattonfoi lo' Vartatm of the Obhqutty 


Rule Enter with the fuh’s dedniAtton* find yoq hftve the requiied, angle 
If the dephnation'be not fcund in the Table, you rpuft find the angle by^ 
psopoition I ' j ' I 

J 

Example What is the angle between the ecliptic and a parallel to the 
equator, v^hen the fun s dpchnation is 17 30', and the obliquity 23 %f, 

III I ) I 

17* 20' declin the angle is 16 VS" 

, I 17 40 — T- — x£ 41 ^8 

— — — ^ ft ’ ■ ■ " 

20 22 10 


Hence, ao' 10' 22^ 10" 11' 5'', which fiibtrafted from 1 6 4' 8" leaves 

fd^r the arigle at an qbhqu^ty 23 28 Now the variation at this 
pointfoi 10'' of vaiiahon of tjic oWi^uity is 15", 2, fience, the vanation foj^ 
5' is 7^6, which fubtr^ed 15 53' 3" Iwvep 32' 35''s4 for the 

angle required If the obliquity had been taken greater than 23 28', the 
corredaon muft have bepn added < 

I I 1 


1 

L ^ 1 I 1 ) I 

I I 

< 


if 


\ 


III if 

I J ^ 

t' * I 1 




I " 

t:able 


n 
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'> TABLE XXVm 

Contains the An^e of^ojition of any Point of the LdtpttCi (fccordtug to the Obliqtnty 
23 28 , With the Pariatm for the Variation of the Ecliptic by one Minute 

Rlh Enter with the longitude of the given'’p6inc of the ecliptic, and 
you have the angle lequired If the longitude be not found in the T ible, 
the angle muft be found by proportion 1 

Example What is the angle of pofition of that point of the ecliptic, 
\ihofe longitude is 2 10 30 10 for the obliquity 23 28 i* 

Long 2 10 ang of pofit 8 26' 43' 7 

2 II ■ ■ — - ' I ' 8 2 4 °» ® 

1 ^4 9 


Hence, i* 30.^1/' ^4 a", 9 la' f,S.t which fubtradted from 8 26 

’43^7 ® the angle of pofition 

^ I 

The varntion of the angle of pofition for one minute of variation of obliquity, 
to this longitude, is 23 ,2 and the van ition foi any quantity lefs than one 
minute will be pioportionably left and this variation | is to be added to, or 
fubtradted from the angle of pofition found for the obliquity 23 28', accord 

ing os the obliquity is greatei or lefs than that quantity 

Example Let every thing be as befoie, except that the obliquity is 
23 27' 30" Here the vaiiation being half a minute, the conefponding 

vanatiofl of the angle of pofition is half 23^', 2, or which fubtiofted 

from 12 7", 5 -gives n' 55^9, and this fubtradted from 8 26' 43",; gives 
8 14' 47 ,8 foi the angle of pofition 


TABLE XXlX 

, Is to find the Angle of Pojitm, havmg given the Right Afeenfon 
*% 

The computation fiom "his Table is exadtly the fame as from the loft, only 
you enter with the right afeenfion inftead of the longitude 


1. L Xi 2. 


tABLE 
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I ABLE xx:x 

Contains tlie Augmentattott of the Angle of Pojttion of a Point jnt tlte Rchptc fo> the 

Latitude of the Zodiacal Stars 

Rule Enter with the angle of pofition, already found, at the fide^ and 
the ftai s latitude at the top, and you get the collection to be'^added If the 
angle of pohtion be not found in the Table^ the coireCtioa niufk be found 
by proportion 

Example In the lafl example, fuppofe the flar’s longitude to be the fame 
as the longitude of the point of the echptic there given, and it s latitude 3 ao 
to had the angle of pofltion 

8 angle pofit and 3 o' lat corrcCt is o' 39',; 

3 30 — — ■■ o 54, a 

30 14 . 5 


Hence, 30' zo' 14", 5 9", 8 the lirfl: part of the correction, to be added 

1 

* correct is o' 3i9"{7 

o 44, 8 



5> I 


Here 1 14' 47", 8 5",! j",3 the fecond part^of the correction, to be 

added to o' 39",7, hence, th^ angle of pofitipn is 8 14' 47",8+o' 3 q",7 
+9-',8 + i"3 = 8 15' 38", 6 ^ 

The four lafl Tables are of ufe in calculating the panUaxes in fblar eclipfes, 
and occultations of fixed ftar? and ldan()ts.b 3 i tlhe>moon, by the method ^flhe 
parallactic angle ^ r 


too' 39",7 t 

) 

8" angle pofit and 3 lat 





( 






i 


1 


TABLE 



•> 


ins trSE OF TKF TABLES 


453 


» TABLE XXXI 

CoHtauts t/ie Epochi of tlie mean Longitude of the Moon s ascending Node, for the 

Beginning of each Tear 

* Ritlc Enter with the epoch, and againU it you hlvt the oiean longitude 

) 

The epoch of the mean longitude of the moon’s afcendiig node for the 
bcginniigof 1784, la ii la 40', being the longitude of the node at that 
time, if it a motion had been uniform The epoch is put down to the nearcft 
minute, that being fufficicntly accurate foi the purpofea here wanted 

TABLE XXXir 

Contains the mean retrograde Motion of the Node, for every De^ of the Tear 

Rule Enter with the month at the top, and day of the month at the fide, 
and againfl. them you have the motion required , which being fubtradted from 
tlje epoch for the year, gives the mean place of the node fufficiently accurate 
for the purpofe of taking out all the equations relating to the nutation of the 
earths axis 

Example To find the mean place of the node on November 26, 1799 

1 The epoch for 1799 18 - i 22 35' 

Ret mot lor Nov 26, - 17 28 

Mean place of the node - - ^ 5 7 


TABLE XXXIII 

Shows tffe Decreafi, hyRejraaton, of the Diameters qftJie Sm or Moon which are 
mimed to the Horizon, upon pppoftion that t^e apparent Diameter is 30' If the 
Diameter he naf 3V, the Decreafe will vary accordingly 

Roli; Enter with the fun’s Os moon’s altitude at the top, and with the in 
chnation of the diameter at the fide, making proportion if you do not find tlie 
exadt quantities and. you get the decrcale for 30^ diameter , and the ecre e 
for any other diameter will be in proportion to the diameter 










Example 
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c 

Example If the appiient dnmctei of the moon be 3a, wlnt is the dt 
creife of that diameter which is mchned ^a” to the hoii/oij, at an altitudrv of 

At 16* alt at fin inclin 30 , the decrcafe is 1" 6 
■' ■ ■ ' 33 I. 9 

3 o»^3 

Hence, 3 a o",j o'',a, therefore i",6+o",a = i'',8 is the decreafe for 
the inclination 32% and altitude 16® 

At 16 alt 'll an inclin 30 the decreafe is i",6 
18 > ' — ' , ■ I, 3 

2 03 

Hence, a i o',3 o',i 3 » therefore the whole decieafc is i",8“0",i5=5 

= I ',65 the diminution for -i di-unetei of 30', hence, 30 3 a' i",6 5 1 ',76 
the decreafe required ^ 


TABLE XXXIV 
Is for redmtig Jdereal to mean folar Time 


Rule Subtraft the numbers found m the Table cor^efponding to the 
given fidcreal time, from that time, and it leduces it to mean folar time 


Example Reduce \fh 19' a 
17A 

19' 

ao" 

2!' 

\ 

Mean folar time ** 


fidereal time,, into mean folar fame 
2' 

o 3, jcx 

o o, 05 

o cr, ox • 

^ 2 50, a7 - " 

if 19 a3 • 



17 16 saj-ys 


t 


TABLE 
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“ TABLE XXXV 

li for ^redmng mean folat Tme mto Jideteoi Time 

Rtti r Add tlje numbers found in die Table conelponding to the given 

mean ^lai time, to that time, and it reduces it to lid^real ume 

1 

Ex4.mple Reduce ii^ 37' 49' mean folai nme, to fidereal ume 


iii 5 

1' 

48", 4z 

30' 

0 

4» 93 

i 

0 

I. 15 

40' 

0 

0, 11 

9" 

- 0 

0, oz 


1 

54. 63 


11’ 37 

49 

Sidereal time 

11 39 

JJ f *' ' 

43. 63 


I I 

' ' TABLE -XXXVI 

, If ta find tAei Semtdtameier of the Stm^ and tt*s horaty Moim 

Rule With the mean anomaly of the fun, enter with the figns at the top 
01 bottom, and degieep on the fide, and coirefponding to them you have the 
required quantities If you do not find the exoft mean anomaly, the icquiicd 
quantities milft be found by proportion 

Examiji e Lftt the mean anomaly of the fun be 9' 14* ao', to find ifs 
femidiomcter, and horary motion 

Mean anom 9' 14 giyes the fcmidiameter 15' Sf*^S 

9 15 15 56.96 

I o o, ay 


Hencct 



THE V3E OF THE TABLES 

f 

Hence, i* ao' 0^,27 o", 09 , therefore the femidiamctei =15 

o>9=!i5 57", 14 

Mean anom 9 14" gives the horary motion 2^26'', 56 
9 *5 — 2 26,47 

e r I O, O, 09 


Hence, 1" 20' 0^09 o",o3 , therefore the horary motion is 2' - 

0^03 = 2' 26", 53 


TABLE XXX;VII 

Contauis the ReduShon of the EchpUc to the Equator, or the QuantUy to be applied 
to the Longitude of any Point of the EchpUc, to give the Right Afenfion This fable 
ts far the Obliquity 23 28' 15", but there tsthc CorreSlton to be applied for the 

Variation of the Obliquity of one Mimte 

Rule With the given longitude enter the Table, and take out the rs 
dudion, and if the longitude be not found, take the neareftlefs (L), with 
the difference, and the vanauon Then pioportion for the difference between 
that and the given longitude, the difference jiaken out lorweiing to a variation 
of 30' of longitude, and apply the refult to L Alfo, 60" var the dif 
fcrencc betweeh 23'' 28' if' and the giVea obliquity a fourth number, 
which added to the reduftion above found, or fubtraSled from it, according 
as the obliquity is greater or kfi than 23 28' 15", you have the ttue redudkion, 
to be applied according to the hgn 

J 

Example Let the fun’s longitude be i 1 1 “ 25 awd the obliqtttty 

23 28' 7", to find the light afeenfion 

For 1* II long - Redufliion a 25 56^6 

Difference 26, 6 ^ , 

Variacron 12^7 

Hence, 30'' if 10", 3 26", 6 22",3, which added to 2 25' 56", 6r (as the 

reduftion IS gives 2 26' 18^9 * 


Again, 
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AgVOj 6o' 12^7 8' i",7, which fubtmdted from 2* 26' 18 ,9 Icwei 

?• 26 17^2 the true reduftion Htncc^ in 25 io'',3 — 2 26 i7'j2 n 

= 1* 8 58' 53 ',Mhe tiue light afcenfiou 

By means of this T^ble, we may find the longitude ficym the right afeenfion, 
by the following 

Rule Increafe the light afeenfion by 3 figns, aAd find the ledudion m 
the veiy fame manner as above, and apply it to the light afeenfion according 
to the fign, and you get the longitude 

Example If the given obliquity be 23 28' 7", and the light afeenfion 
18 38' 53", I, add 3 figns to this, and it becomes 4 8 58' 33 ,i , and 
with this the redudtion is 2 26' 19 , with the variation 12 ,9 Hence, 

60' 1 2", 9 8" i",7, which fubtiaifted fiom 2 26' 19'" leaves 2 26 

and this added to 1 8 38 3^',! gives i n 23 10", 4 

The reafon of this operation is, that when you increafe the right afeenfion 
by 3 figns, the difierencc of right afeenfion and longitude continues the fame, 
that being now greater which before was lefs of the two If theiefore we con 
fider the right afeenfion increafed by 3 figns as the longitude it mufi; give the 
true redudbon 


TABLE XXXVHI 

Contam the Dechnatton of the Fotnis of the Eckptie to the Equator, when the 

Longitude and Obliquity are given 

Rule The opeiation is exadtly the fame as in the loft Table 

1 

Exampie Let the longitude be i* ii 23 10", 3, and the obliquity 
23 28' 7", to find the declination 

Foi 1* II® long Pechnation 13 8' 49^,2 

Diffeience 9 18, 6 
Vaiiation 37, 7 

Hence, 30' 23' io",3 9' 18", 6 7' 48", 7, which added to 15" 8' 49'*, 2 

, gives 13 16' 3 7", 9 

) 


VoL II 


M M M 


Again, 
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Again* 6o" 37^7 8" which fubtndted fiom 15 16' 37^,9 ieaves 

13® 16 3 i", 9 the declination 

By means of this Table, we may find the longitude fiom the declination 

Rule Entei the Table with the dechnation, and take out the variation , 
then fay, 60" vai the diflFerence between the given obliquity and 28 
15" a fourth numbei, which JubtraR from, or add to the given declnation, 
according os the obliquity is gttatet or lefs than 23 28' 15"/ and the lefult is 

the declination fuch os it would be if the obliquity was 23 28 15' Then 
with this declination, entei the Table again, and, by making a piopoition, you 
get the longitude 

Example On May i, 1736, the fun s declination was 1 5 16' 34",2 N 
and the obliquity was 2^ ^-28 7", to find the longitude 

Correfponding to this declination, the variation is 3 7'', 7 hence, 60" 37 *'s 7 

S'" 5", which added to 15 16' 34,2^^313 16 39^,2, the declination 

if the obliquity had been 23 28' 1 3 Now the difFcience of declination m 

the Table is 9' t 8 ,6 and the difierenee between 13 16 39^2 and tliQ next 

lels dechmtion IS 7 30 , hence 9' 18,6 7' 30' 30' 23' 14" 3, which 
added to i 11 , 01 fubnadled from 4 ii® each of which longitydes corref 
ponds to the declination 13 8' 49^2 die next lefs than *1 3 16' 39 ',2, gives 

I 11 23' I4',5 and 4 18* 34' 43",3 for the longitudes coirefponding to 

the given dechnation , but it being m May the^firft’niufi: be the true one 

Foi the utmoft accuiacy, we ought to imeipolate " 

’ 'table XXXIX 

Contafiis the E^tiaitou of Second Difference, for the Pttrpofe of InUrpolatifin in 
various Cafes rifpeRtng the planetaty Motions 

Rule Take the two p'receding and two following values of the given 
quantity, and their equations, and find the fecond difteiences, and if'fhey be 
not equal, take their mean for 'the fecond difference Fin^- the piopoitional 
part to be i^dedi to or fubtiadted fiom thf quantity imniediitely pi eced'ng 
the given quantity as in the preceding c tamplcs ^ Entei the Table with the 
mean of the fecond differences at the top, and with the minute of iigument 
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on tlie fide *, ind the coirtfponJing numbei is the coueition lequued j whicli 
jubtm&ed fiom the pioportional pait, if the fiift diftcrencf be picreafing cr» 
addedt it it be deruaftw gives the proportional pait coircfted, which pro 
perly applied to the equation corietponding to the quantilj, gives the coiredt 
equation 


Ei,AMPLL To find the equation of the oibit oi'^VLicwyt correfponding to 
it’s mean anomHly 3' 5 ^6' ^7" 

D 


Mean An 

Equation 

ift Diff 

ad Diff 

Mean of ad Diff 

3 4 ’ 

3 5 

a/ 15' 

as 20 3 

4' n" 

3 48 

43 

aai" 

3 6 

3 7 

^3 n 5 ^ 

23 27 16 

3 ^3 

22 


Now 60' 26' 37" 3' 48'' i' 41" the proportional part, 01 the quantity 

whidi tnufl have been added to 23* ao' 3 ' if the equations had increafed 
by equal diJFerenccs, or if the fecond diffeiences had been equal to nothing 

Enter the Table at the head with the mean of the fecond differences aaj'', 
and with 26' 37' at the fide, and you get a", 8, which added to i' 41", gives 
1' 43^^8 the piopoitional part correfted , and this added to 23 20 3" 

(bectulp the equation is incieafing) gives 23 ai' 46'^8 the equation required 

In like minner you may find the value of any intermediate quantity, 
when the fecond diffcience, and the argument, fall within the hmits of the 
Table, 


• The argmtnt is the quantity coirelpondiog to which you get the proportional part er it « 
the fecowf tetrt m the proportion nfed for that pnrpofe 


\ 


1 
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TABLE 
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' lABLE XL 

CotamiK the E^mmn of Second Dtffoeiue, for compniing the Moon*s Plan f tom th 
1 NattUcal Ephemerts 

Rule Tike two l4itjides or longitudes immediately before, and two afu-i 
the given time, and find the pioportional part Enter tht- J’able with the 
mean of the fecond diflfeiences of the moon s motion for 12 hours, whether in 
longitude or latitude, at the top, and with the apparent time ifter nosfti or 
midnight at the fide, and the correfponding number is the corredtion which 
fubtraSed fiom the proportional part, if the firft difierence tmeafe, 01 added, 
if It decreaje, gives the pi oportiOnal pait coiredted, which properly apphed to 
^he equation, gives the coiredt equation 

Ta find the propoitional part, reduce the minutes and feconds of lime, and 
of degiees, into decimals, by Tablls III and XLII and add the logarithms 
of the fccond and thud terms to 8,9208188, the ar co of log 12, and you 
have the log of the pioportional pait 


I SAMPLE To find the moon’s IdngUude on July 16, 1767, at i 6 h 
22 16" I \ 

The given tune is 4A 22' 16'' after midnight j hence. 


July 16, noon 


17, noon 


Moon’s Long 

iftDiff 

2d Diff 

ii‘ 29 29' 34" 



0 6 40 23 

7 10 31" 

3' 28'' 

0 13 47 48 ■ 

1 1 n 

3 44 

0 20 31 27 

7 3 39 



Mean of 
id Difer 

3 ' 36' 


Now \Ii 22' i6'''=4,39Iii, 7 7' 23"= 


tQ.h 

4,39111/; 

7 ,112306 

Pm pa 2^5946 = 2* 35' 41" 


7^,13306, hence, 

CO ar log 8,9208188 
log o,64059i« 7 
^ log 0,8366686 


V 


, log 0,4140771 
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Now With the fecond dilFcience 3' 36" enter the top of the Table, and with 
4/4 22' 16 enter the fide, “ind the correlpondmg number is 24', which added 
to 2, 35 41 gives 2 5' the pioportional p-iit corredled Hence the 

moon 3 true longiUide at the given time IS o 6 40 25' + 2 36 5'' = o 9 
1 6 30', and this is as coiredt as the longitudes from which it is deduced 

In like mannei, the latitude of the moon may be foond at any time 

Di Maskelvne has added the following remaiks, lefpefting the ufe of this 
Table 

1 If the moon’s latitude taken out of the Ephemens for noon and midnight 
changes it s denomination from north to fouth or from fouth to noith, the fum 
of the two latitudes of contiary denominations, wheie the change happens is 
to be accounted the fiift diffeience of that place 

2 If the thiee fiift diffeiences fiift incieafc and then decieafe, or vice verpi, 
firft decreaie and then incieafe, hilf the difference of the two fecond difleienccs 
IS to be taken for tlie mean fecond difference 

3 If the feiies of four lantudes taken out ftiould jfitft inaeafe and then 
decieife about the moon s greateft latitudes, take the fum of the two firft dif 
feiences ftanding on each fide of the greateft latitude fiar the lecond difference 
in that place , coriedt the moon s latitude at noon or midnight by the Ample 
proportional pait fiift found, and to the latitude fo coriedled, add alwajs, in 
this cafe, the equation of fecond difference, anfweting to the mean fecond dif 
ferences 


TABLE XLI 

Contains the Equation of Second Difference for interpolating the Mhotf's Dif ante 
from the San or Stats for every third Hoary from thofe computed for Noon and 
Midnight liCthe Nawticd Ephemeris 

RuCl'' Take fouf diftanoes, two before and two after the given time, and 
take their fecond differences Enter the Tible with the mean of the fecond 
diffe cnees, and fubtraSl the cone^ponding equatiqn at 3 6, 01 9 hours from 
the quarter, half, 01 three quitters of the change of diftanee in 12 houis, 01 
add it to the fame, according as the fiift difference is increafing or dccreafingy 
and you have the moon’s change of diftance in 3, 6, oi 9 houis, which added 
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to, or fuhtraSled from the moon’s diflance at tho piecedmg noon or midnight, 
according -is the diflantc increafcs oi dencafes, gives the moons uuc diflmct 
at 3, 6, or 9 hours 


Example What is the moon's diftance from* ArtetiSt on Dec 2, 1799, 
at 3 0 clock ? 


r 



Diftance 

iftDilF 

2d Dir 

Dec r, midnight 

2, noon 
midnight 

3, noon 

8 1* 27' 3" 

74 58 44 
#68 37 10 

62 22 3 

6* 28' 19' 

6 21 34 

6 15 5 

6' 45 " 

6 29 


Mean of 
2d Diff 

6' 37" 


The quaiter of 6 ai' 34" is 

■ 

1 

35 ' as" 

Equation 



+37 



I 

36 0 

id Diftance at noon 

- 

74 

00 

Diftance required 


73 

22 44 


TABLE XLII 

Coiiiains the Mtmtes and Seconds of a Decreet converted into Bectmals of a Degree 

Rule Take out the decimals correfpondmg to the given minutes and 
feconds, and add them together 

Example Reduce 49' 37'' to the decimal of a degiee 




Dec 

49' 


,81667 

57 " 


>011^83 

49 57" 

A 





TABLE 
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lABLE XLHI 

ColUam the Equation to e^al Altitudes of the Sun of the Quantity by vohch the 
middle Potn} of Tme between the Times when the Sun haa the fame AlittucLs on 
the Morning and the Afternoon^ difers fom the Time when the Sm was upon the 
Meridtaji 

Rule Take the h'llf interval of time between the two conclponding 
obfetvtiions With the fun s given longitude for noon, ind the half inteival, 
find fioni Table I the equation, if the longitude and half intcuol be not 
found in the Table, the equation muR be found, by propoition Multiply this 
equition by the natuiol tangent of the latitude, ladius being unity, and you 
get the fiiR pait of the equation, which is additive oi fubtridtive, accoiding as 
the fign IS d 01 - , remcmbeimg that when the latitude is ft^uth, the fign of 
th& Table muR be changed 

With the funs longitude, and half interval!, hnd, in Table II the equa 
tion, by making proportions if the given quantities be not found in the 
Table 

The futp of thefe two equations, regard bung had to their figns, is the 
equation lequircd , which applied, accoiding tons fign, to the middle point 
of time between the two coriefponding obfervations, gives the time by the 
watch when the fun was upon the meridian 

Example Let the middle point of time between the couclponding oh 
feivations be %j,h 59' ai",i3 by theviatch, the half iiiteivil 2// 34' 52- , 
and the funs longitude 6 14® 36', to find the equation, and thence the time 
when the fun was on the meudian, the latitude being 33 56' S and longitude 
iS 23 E 

Tab I Sun’s Iqng 6 10 and half int 2' 30 cquat is d 15^92 
1.1 '■ - ■ ■■■ 2 40 +j 6 08 

* • 10 o 16 


Hence,* o' 4', ^2,' o ,16 o',o8, which (as the equation incieafes) added 
to 1 5", 92 gives id^'ibr the equation when the longitude is 6' 10 Again, 


464 
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Tab I Sua’s long 6' 15 and half int 2' 30 equal is +15 *71 
. ■ .—^—^2 40 — — 4 15 ,87 

• ■ tr ~ 

10 o, 16 


Hence, 10 4' 52," o",i6 o",8, which added to 15 ,71 gives 15", 7 9 for 

the equauon when the 'longitude is 6 15 The diffeience between this and 

16 , the equauon when the fun s longitude was 6 10 , is o* 21 
«■ 

Hence, 5 4 36' o', 21 o',o9, which fubtiaded fiom 16' (bccaufe the 

equauon decreafes this way) gives 13' ,81 for the equation fiom Table I 
And this multiplied b> 0,6728, the nat tang of 33 36', gives 10' 64 the 
firft part of the equation, which is fubira&fve, becaufe the latitude is fouth 

Tab II Suns long 6 p and half mt z'' 30' equat is -o",87 

. I I '■ 'I ■-« I '2 40 — -O 83 

10 O, 02 


Hence 10 4' 32," o', 02 o', or which fubtroded firom -©".Sy (as tne 

' equation decieafes) gives - o",86 for the equation when the longitude is 6 10 
Again, 

Tab II Suns long 6 15 and half int 2' 30' equat is — 1",29 
■ ■ ” 2 40 ~i, 26 

10 o, 03 


Hence, ro' 4 32," o",o3 o^oi, wh'ich fublraded from - r",29 gives 

- r",28 for the equation when the fun s longitude is 6 13 The difference 
between this and -o' ,86, the equation when ^^he fun’s longitude was 6 10*, 
IS o ,42 

Hence, 3 4 36 ©',42 ©",39, which added to — o''86 (bercufe the 

equation increafes this way) gives - i ',23 for the fecond part ojt the equauon, 
and the two parts added together (becauft- they aie both fSbtradive) gives 
-IX ,89 for the whole equation This therrfbre fubtraded from 39' 
2 i",i 3, gives 23 A 39' 9", 24 for the time by the watch when the fun was upon 
the tnendian 

Hence, 






f 


r 


r 
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Hence, we may determine how much the watch was too faft, or too flow 


Equation of irae at noon at Greenwich was 
And 24// \h 14' (long in time) 16 ,7 
(daily dif* of '■quat ) ^ 

Equation of time at noon at the given place 


Mean time of apparent noon 
1 ime of apparent noon by the watcli 

Watch too feft for mean time 


- 

• 12 

1 9' .3 



CO 

0 

- 

■ 12 

18, 5 

24'* 

0 

0 

^3 

47 

4i» 5 

as 

59 

9, 2 


11 

»7> 7 


I" 


TABLE XLIV 

Comm at once the E^mUon to eqwd AlUtudes Sufficiently accurate for mjl Purpo/es 

Rule With the latitude and interval between the obfervations at the head, 
and the dedmaLton at the fide, you get the equation required Whilft the 
fun moves fiffm the tiopic of Capricoin to the tiopic of Cancer, the equation 
IS to be fubtraSled from the middle point of time , and whilft it moves from 
the tropic of Cancer to the tropic of Capiicorn, it is to be addedy in order to 
get the time of apparent noon by the watch 

Example Iqhtitude 32' N when the fun’s dedination was 20 S 
on Januoiy 29, the intcival of equal altitudes was found to be 10, and 
the middle time by the watch was 12A 3' 32", to find the time of apparent 
noon by the watch 

With tlw latitude 50 N atvi neaieft to the given quan 

titles), and d.edination 20 S at the fide, you get the equation 13', which is 
to be fubtioded btcaufe the fun was moving from the tropic of Capricorn to 
the UQpic of Cancer, hence, l^h 3' 19" w the time of apparent noon by 

the watch ' 


VoL n 
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lABLE XLV 

Contains th 5 mi dtnuial Arcs of the heavenly Bodies whofe BecUmUons do mi 
chaugL, in Time, and therefore foi all common BurpofcSy tt*u)tll feive for the Sim 

For the Sun the ay: giae the time of it’s fettmg, and if it be fubtnfted 
froili 12 0 dock, you get die time of it’s riling , 

For a Star, [dd and fubtraft the equation to and from the time oewhich 
the ftai pafles the meridian (105), and you get the time of it’s fetting ahd 


The Table is calculated for the arcs correfponding to the time when the 
center of the fun appears m the horizon, the eye being at the fmfacc of the 
earth, theieby taking into confideration the elfeft of refraftion 


Eicample In latitude 52“ 12’, and declination of the fun 23 
is the time of it s iiling and letting ? ^ 


28', what 


Lat ^2% dedin» 23 
53 . 

I 


arc S'* 16' 
arc 8 22 

6 


Hence, 1® 12' 6 ' 1' fo be added to 6/5 16' 

I<at 52", declin 23 
— 24 

1 


HeQce, 1 28' 8^ •'O b® added alfb to 8/5 


VC S’* 16' 
ate 8 24 



^ J«'+i'+4'=8i 
12^ — 2x^3^ 3^' the time of iifing • 




( f I 
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TASLE XLVI 

Is prtnctpally trtended to find how long the Body of the Sun ts tit afcendtng above 
the Hortzott, or the Tme between the upper and lower Limbs of the Sm touching 
the Horizon 

* ** 

Ruee Entei witlj the declination at the top, and latitude at the fide, and 
you have the tune which the fun is in nlcending i If die declination and 
latitude be not found in the Table, the time mufl. be found by pioportion 
Then i the diameter of the fun that time the time of it’s nfing, oi 
by logillic logarithms, log of fun’s diameter + log of time found from the 
Tables = log of time required 


Exampi e How longwiUthe fun be m iifing at Cartibiidge on June i, 1799^ 
Here the latitude is 52 ia',5, and declination 22 6', and funs diameter 

31' 38 


Lat 52 , and dedin 21* 

53 


time for 1 la 8' 4' 
8 20 

16 


Henfc, 1“ 1 2', 5 ,16' 3" to be added, for i2'’,5 of latitude 

Lat $2 and declm 21* - - time for i is 8' 4' 

, I . ■ — 1. ■ . II I — 24 • - ■ 8 43 

3 40 

Hcnc6, 3 6' 40 t'^'to be added, fbi 6' of decimation 

Thiiofbre the tihie of Afing is 8^ 4^*f*3''4-'i^'— 8' 8 Hence, 

'' 1 i 

Log 31' 38' - ^780 

Log 8 8 - 8679 

Log 4 17 time of nfing - - iji 459 
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TABLE XLVII 

CoHtaiia the Amplitudes of the heavenly Bodies at the Tfne of thetr Rtjtng 

Rule Enter with the declination at the head of the Table, and tbe Hb 
tude at the fide, and you have the amplitude If the declination and latitude 
be not found in he Table, the amplitude muft; be found by proportion 

Example If the declination of a ftar be 17 30, and the latitude 57 20', 
what IS the amplitude at it s riling ? 

Lat 37, and declin 17”, the amplitude is 32 28' 

——38 ' ' 33 *9 

I I 


Hence, i* 10' 1 i' 20' to be added, foi 20' of latitude 

Lat 57", and declm 17 , the amplitude is 32* 28' 

18 34 34 

I 26 


Hence, i 30' 2 6' 1 3' to- be added, for 30' of decimation 

Therefore 32“ 28'+2o'+i* 3^=34 51' the amphtufle required 

I 

If the Table be entered with the complement of latitude inRead of th^ lati- 
tude, you will get the fun’s altitude when on the prime vertical This follows 
from hence, that if for the fine of latitude in the proportioa which gives the 
altitude, you put cof lat it gives the proportion fiai finding the amphtude 
This will appear from Artides 89, 91 • 
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I ABLE XLVm 

Is to find ai any Ime tfihat Proportion the enlightened Part of the lacO of the Moon, 

w V enus, hears to the Whole 

Role Ent^r with the degiees at the top and on the firft column for the 
moon, and at the bottom and laft column for Venus and (forrefponding to 
them you have the enlightened part, the whole face being reprcfented by la 

Example If the ddlance of the moon horn the fun be 137 la', what is 
it*s enhghtened pait? 

Dift 137" - enlightened part 10,388 

138 - » ' 10,458 

I ,070 


Jlence, i la' ,070 ,014, therefore the enlightened part is 10,388 + 

,014= 10402, the whole being 12 

Example If the angle formed by two lines drawn from Venus to the 
earth and fun be 50 ao', what is it’s enlightened part f 

Angle 50" enlightened part 9,856 

- ' 9 > 77 ® 

1 ,080 


Hente, 1" ao' ,080 ,027, therefore 9, 856 -,027 = 9, 829 the enlightened 

part, whole being 12 
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THE DSE 07 THE TABLES 




TABLE XLIX 

Is to find the Hour An^le of Jupiter from the Mendiant when tt ts 8* above the 
Hortzon, for the Latitude of Greenwich 

Rttle Enter with Jupiter 3 declmiuon in the column with that title* and 
againft it you have the corrcfponding houi angle If the dechnation be not 
fiaund m the Table, the hour angle muft be found by proportion 

Example If Jupiter’s declination be aa* ao' N what u it’s hour angle, 
when it IS 8 high ? 

Pcchn aa o’ - hour ap^e is f i' ^o' 

* ' I aa 30 - > 7 4 41 

f t. rr ^ 1 ^ ■■ ■ ^ 

30 a 51 


Hence, 39" 20' 2' 51" i’ 54", theiefore the required hour angle is 

7' I' 54"= y" 3' 44 


TABLE L 

Is to find the Hour Angle of the Sun, when it ts 8® below the Hortzon, for the 

Latitude of Greenwich 

Rule Enter with the fun’s dechnation m the colunjn Wfth that title, aaid 
againft it you have the hour angle If the declination be not found in the 
Table the hour angle muft be found by proportion 

Example If tliefuns dechnation be 18 r^’S whatjjit’j hour angle, 

hour angle is ^ 20 6" 

' " 5 >7 r a6 

2. 40 


When It IS o below the horizon ? 


Declm 18 o’ 

— — 18 jO 


30 


Hence, 
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Hence 15' 2' 40 i' 

5' io 6 "-i' ac"=5'‘ 18 46" 


theiefore the required hour angle is' 


Theufeof the two hft Tables 13 to find whethei an echpfe of Jupiter 
fatelhtes will be vilible at Gieenwich 01 on that parallel of latitude For if 
at tie time 0 an eclipfe the hour angle of Jupitenb^ equal to, 01 gicaier 
than that which the Table gives, and the hour angle of the fun be^uol 
to, or 1^ than that given in the Table, the echpfe will not be vifible if the 

TlbleJ ^he 

lables give, th« cclipfc will be vifiblc 


TABLE LI 

Is a Table of Logtjitc Logentthm, which were JirJl employed by Street, and 

are mhtng but the common LoganthmifubtraSle I from 5,5^63 which ts the Lora 

rithm of z 6 oo , b^ which means the Logarithm 0/ 3 6oo'^( = 60') becomes mthing, 
and the Logarithm of 360 becomes 1,0000 For Numbers grater than 3600, the 

Logarithms would be negative, but infiead of putting them down fo, then arithmetic 
complements are pit down 


VI E If the firft term be 60', or 3600" add the logaiithms of the fecond 
and thud terms io„t thei, but if the fum of the two hft figuies in the addition, 
the index excepted, be equal to oi greater than lo, you are not to cairy i to 
the 11 dex, and the fum is the logarithm of the fo irth term If the fecond 
term be 60, fubtia^V the logarithm of the fiift teim fiom the logaiithm of the 
third, adding i to the index of the logarithm of die third, if necclTvry, and 
the remainder is the log»nthra of the fouith term 


Example I What is a fourth piopoitional to 60', 6f 2/', and 3/ 41"? 


6f 35" 

37 41 

AniWer 41 3 


log g623 
log 3020 

log 1645 


Example 



the IT 8 B OP THE TABLES , 

47 * 

Example II What is a fourth proportional to 6o, i 36'', and %i a8 > 

1^ 36" 

27 38 

log 1,3740 

I0& 5367 

Anfwer 0 44 

log 1,9107 

r 

Example ifl Whit is a fouilh pioportionai to r6' 47", 60', 

17' a8" 

i6 47 

log 5359 
log 5533 

Anfwer 62 

. . log 9826 

Here it was neceffary to add i 
term, or which ia> the fame tiling, 
line 

to the index of the logarithm of the tlTird 

10 was added to the laft figure 5 of the upper 

Example IV What is a fouith proportional to 27' 19", 60', and 5' 

i 9" 

27 19 

log 1,0663 
log 3417 

Anfwer n 19 

- log ^ 7H6 

If the firft term be 24A and the fecond term be hours and minutes, and the 
third term be given m time, or be an arc, we may fidd a fourth proportional, 
by conceiving the head of the Table to leprefent hours 

Example Whit is a fourth proportional to 24A , i^h 3-3', and 76' 34"? 

lifh 

13 53' 

76' 34 " 

ar CO 6021 

6657 ' ** 

894.1 

# ■ 

Anfwer 44 X7 

1319 • 

* ' ^ 


We 
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THB VSE OP THE TABLES 

W 6 '*icje£t 2 in the indc\ beciufe the firft “ind thud terms are arithmetic 
complcmentSj ind i is to be lejefted foi each 

In hke manner, whatever may be the thiee terms) whethei houis and mi 
nutes, minutes and feconds of time, degrees and minutes^ minutes and iLConds 
of'^n aic, 01 two of one and one of the othei, a fourth piopoitional may be 
found, piovided the quantities fell within the limit of the Table 
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[ 489 ] 

This catalogue of tha right afcenfions and north polar diftancas of 389 fijcd 
<^T,is, deduced fiom the obfervations of Dr BradleYj is taken frotn the 1 ^ 

volume of his Ob/if jntfotts, pubhlhed by Dr Hornsby It was firftpimtc 
m the Nautical Alipanac for 1773, but Dr Hornsbi re publi&ed it with 
coneftions, lor the moft impoitint of which, he has aljigned the folloiMng 
realons 


2 t Ceti The right afcenfion md polar diflance of this, ftar were both 
fiulty The foimer was deduced from the apparent right afcenfions fouad in 
1751, and earned on by precelEon to 1755 Pnly the litter was the mean 
polai diRance for Januiiy i, 1758, and was deduced from fix obfeivations, 
the difivience of the extremes amounting only to 4 ,3 


4 iAndromedt The polai diftance of this ftar was, through miftake, given 
foi 1/5& 

ro iPifetum The polar diftmce fhould havct been one minute gieatci 

the raiftal e was committed in leducing the obfcivitions of Decembei 31, 1753 > 
and Oftober a&, and Novembei 18, 1754 


SAndiomeda Having reafon totbelieve the light afeenfion of this ftai to 
be faulty, I reduced the obfervations in 1756 andiJ757j and was enabled to 
appl) the corre£tion 

, I t C,U The cttilogue licie, it fiitl Cght. wie erteneous The pote 
d.fc.ce. wceconTUt=cl tw.ee from the fltne oble.Vat.om, 
anda6 of md Januaiy 3, and 25, of the following yeai, but moro 

tiuly m the fLoid inftance if we except a miftake of 3 degrees committed 
Oy the computer, in writing down the leduced zenith diRances n t e 
It may be obfeived the picceffion was applied for feven years mflead of fix 

2 g Ct 1 A fault was commuted in applying the preceffion foi fix yeais 
^to this ftar, b> wnting ^",9 mftead of 99^,8 = 1' 39", 8 

ay SCeti The obfervations of Jarmaiy lyj i733» ^ 

17 fc afluming the right afeenfion of Atdebaian, and of » Ononis, a Icltlcd 
iy Dr lAPtEY. give the fimc right afrenfion exadtly, the extieme ob«ei 

vations differing oi^^y 


VoL II 




17 
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47 fi Artetis The nght afcenfion of this ftar ivas coiiedted by th^e obfer- 
vations in 175a 

r ' 

48 y Perfei The pfeceffioa applied was one minute tqo htde 

57 f Taun The right -ifcenfion of this flu was correded by the obfci va 
tions of Febiuny i&, 1753, of Januaiy ii, and Decembei ii, 1754, and of 
Jinuiry aa, of the following yeoi 

^8 17 EiTid&nt A miflike was committed in applying the abenation to 
the obfeived 7cnith diftanoes, and it appears, fiom a loofe papei, that the light 
afcenfion had been determined to be 49 41' 48 

79 2 9 Tanrt The afcenfioml difference of this and the preceding ftai, 
as given by Mi Zach, p cxliii muft be faulty By the oWeivations of 
January 7, and Deo-mber 26, 1734, of January 22, 1755, of Februaiy 8, 
1756, and of Jamiaiy 29, 1757, the mean of the afcenfional diffeiences is 
i;', 37 of time = i' 20", 35, if the obfervation of January 22, 1755, be coriedled 
by reading i** 15' 4',o inftead of 15' 5',o, and the obfervation of Ja 
nuaiy 29, 1757, be diminifhed by 1 By my own obfeivalions in 1779 t;he 
afcenfional diffcience was ^',43 of time= i' 21" 45 By conipaiing thefe two 
flats with Aldcbaran On'<!)iflober 13, 1753, and on Januajy i, and 3, 1754, 
and offuhnng the place^df Aldebaran as ufed by Dr Bradi,ey himfelf (fee 
the afcenfional difftiences), I find the Tight afcenfion of the foimei = 63 43 
18", 7, and of thehltca 63 44' 47^,3 on January i, 1760 and by my own 
obfervations 63 43 26^6 and 6^ 44 49", 5 It muft be obfeived tliat 

the obfervation of Oftober 15, 1733, appears to be fiujty, an eiior of i' 
having been committed in the obfervation of a 9 

84 I Tam I found* by fcverol companfons, that the right afcenfion of 
this ft<u V IS to be diminifhed by i 5 ,3 

104 Tx Ortoms An esiamination of the feveiol obfertatioas tins a,nd 
the following flai fhows, that ihe right afeenfions weie very neiily derci mined, 
if that of februaiy i, 1752 be excepted, where the ftar marked 2 x n^Cedmgl 
a Orionife, wiih t differentJe of 2 2",66, is Flamstekd s i and woi ob 
feived os fuch December 29, 1752, and preceding ftai is perhaps,*tht. " 
2 z^d of Mavxb s catalogue The error is therefore piobibly n tlie poloi 
diflance of 2 X) 'uidupon reducing the fevcral dbfenations, I find the polar 
diflance of z x» ^ given in ihc catilogue of 1773 to belong to FLAMsiirn 3 

4 


the right afcenfion of which has not been calculated The order m 
which the zenith diftonces weie obferved (fee the obfervations of January iR, 
i754> where the book of obfervations is exadtly copied, notwithftandmg the 
obvious eiior committed m the cafe of this veiy ftar, and -dfo of February 15 
1754) the right afcenfion was gieatei than that of «, Ononis, and 

veiy nearly the fime with that of h Geminoium on thefe two days therefor 
for z X Ihould read 3 x Ononis 

I fubjoin the right afcenfion of 3 x> and alfo tlie polar diftances of 3 and 
4 X» leduced to January i, 1760 ‘ 


3 V Ouonis I 6 I 87 25 3,3 I 53, a5 1 11 69 S* 46^5 I 0,90 I 0,69 

4 X Ononis 1 6 j — — ' — 1 53,08 1 50,09 11 70 19 46,1 [ 0,68 [ 0,47 


129 u Gemmnrn Having compaicd this ftoi with feverol pnncipol ftai 
©bfeivcJ on the fame day, affuming their places as determined and ufed by 
Di Brad^-ey lumlclf, I find it ^ right afcenfion to be 


Fiom the obfervations of 175 r 

1754 

175s 

175^ 

By a mean 


110“ 16 33^9 
jid 16 38, 9 
110 16 30, 2 
110 16 o^> 4 
no 16 35,1 

116 i6 34, I 


^n enor therefore of 1^ was committed 


1 ^ e 10 Lems The right afcenfion and polar diftance of this ftar, as 
guen in the catilogue pubhfhed in 1773, weie deduced each fifom one obfer- 
vition only and from the fitiration of the ftai, I conjedtured that the right 
afcenfion belonged to 10 Leoms minoris, and would, perhaps, have been citadt, 
it the pioper coucdtions peculiar to that ftar, for preceffion, abenauop, and 
lyitacion bud beep applied The obfervations of the 19th and 28th of l^rch 
tnd of the 12th of April 1754, prove 10 Leoms to be the fame with the M 
of the Sextant of tdEVi Lius, and the fime conclufion may be drawn from 
tlie Bntifh catalogue The zenith diftances both of 10 Leoms ramons, and 
10 I eonis werclbferved on the 12th of April, we are enabled therefoic to 
determine rbc place of each ftar 




168 37 Sextantis. 


J 


t 49» 3 

<T 

1 68 37 Sextantis In computing the polar diftance, an error of i' woi 
committed r 

194 n Fttpnts The polai diftance of this ftar is evidently too gicat, and 
the obfeivations of Maich g, and May 4, i754» suable us to make the cor 
leftion, for ontholjf days, the ftars n and r Viiginis were both obferved, and 
their fituafion is fo nefrly the fame that the diffeiences of the zenith diftanccs 
need only be ^pjied to the calculated polai diftance of n 

208 a 1 gifiis The enor of i in the light afccnfion was probably com 
nutted at the preG., and alfo of the letter of reference 

223 4< Lika By computing the ^bfervations of June 7, and 19, 175^, 
and of May i6, 1756, I applied the coireftion 

253 f* D) acorns The ngl^t afcenfion of this ftar was unquellionably 
Ttulty The obfeivanons of July i755» Miaich i 1758, enable 

US to make the corieftion I fufpea: that the right afcenfion fiift found wo- 

^S 5 5 49 

333 C ledueing the right afcenfion of tins ftar from 1755 

to 1760, the piecelTion ufed was 10" too fraall it ftiould have been printed 
therefore 13' or more eyaftly 51 ,8 

360 I T ^quaru The obfervations of September 28, and October 3, 
1753 do not juftify the application of any corredtion to the polai diftance ol 
this 01 the following ftar 

3‘88' « AnJiomedee In reducing feven obfeivations of 1733 the rcfiaftion 
■foi 3 j 44'' was applied inftead of 23 44 a couc<ftion theiefoic fbi the polai 
diftance was neceffaiy 
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408 36 53 a6 6S +3)7 

4»30 46 33, aS + 3 ,s 

-,78 13 45 17, 9N - 3)17 


J- -9 44»5 

38 5^ 14,68 

39 ^9 490^ 

4 41 40, 6N 

_____ a 49 a8 ,pN, 

338 37 j (3 3 

'8 3|I6 3 38 56 

1- a 06 37 17 56 

^s 387 

18 a, a I 


a; J 3 

*6 31 . 
33 , 5 


3,84 
a »73 
3 ,a 6 
3 60 

3 77 11*8 o 3 o,6J> 


-“ 0,10 


“2 6 x 

-3 4 S 

+Ho 

-■ 3)97 


— 4 06 
-i m 8 

9 

4)31 

“ 4 i 4 S 











































I ^ ' 


< » I 


I 




\ 





» 


« 


f 





IK 





M Dr LA CAIU E'9 CATALOGUF OF THE PRINCIPAL STARS 


Numl 

■Df 

tiis 

Ni wei 

and 1 Hcea 

of the btora 

g 

m 

3 

Qm 

Kigl t 

Abcoi s oa 

m De{,ioes 

rigit 

Ascci 101 

m ricno 

Annual 

Vaiiat 

+ 

Do 1 Q'ltion 

AntiuftL 

Vaiucioi 

t 

D M a 

B M 8 

8 

r A 


a 8 q 

)6 

-^7 

8 S 

P Cephei 

7 C ipaicoini 

f/. Cyj,m 
j Cijuicoini 

4 

3 

4 

3 

3-1 19 34 4 
3-1 a; ia»S 
32^ 58 21 6 
323 11 41, r 
3 5 18 b, 6 

2 Z 25 ij 
21 2^ 49 
21 31 S 3 
21 32 t,9 
ai 33 13 

0 , 0 ^ 

^ jS 
- 95 

3 ^ 3 ^ 

09 27 Sh 8 N 
17 40 4-,o b 

8 41 9 JN 

27 37 H iN 
17 14 483 b 

+ 15)64 
-15,66 

4 16 00 
+16,05 
— 16 06 

-i6 35 

- I/, 00 
-1/03 

I 71 

-90 

391 

- 9 ? 

296 

97 

29b 

299 

7 Giuis 
a Giuib 
» Aqnnu 
» fuciiiL 

7 Aqu uu 

3 

2 

3 

5 

3*4 io 33 ) 4 
38 S 7, 7 
3 B 14 06 

330 16 46 0 

35 11 <; f> 

I 38 

I sa ai 

I ^ 1*6 

* 7 

4 V 

3 7° 

3 yfa 

3 10 

1 3 

3 ' J 

38 31 aS 7 S 
4 fa ; J 4 fa 

I 3 t -5 ; ) 
r j 9 V 

M 

4S 10 5r, 
92 3 1 

-B 55 15 >N 
b 5<| 8,_S 

17 b 39,91 

p Giuii 

< I 

n 

^ Aqu UU 
h AquTiu 

3 

3 

3 

4 

3 

3 j 6 54 3 , 0 ' 

3)7 H 43 9 
3j 7 49 3/ / 
3i9 5 j -7) fa 
3^0 io 14 6 

-.2 27 

2 -8 59 

22 31 ib 
-a 39 34 
41 -I 

3 6S 

2, bo 
3,16 
j 22 

43 

4 n',40 

I■'fa) 5 i 
- j8,82 
-i8,b7 

300 

301 

302 

303 

304 

bomolhiut 

AucbomediC 

a Pei,afi 
^ AqoLTU 

1 

4 

2 

2 

4 

3^c f 6 41,; 
342 36 49,0 

34a 55 If 5 
3-r3 4 57 3 

,41 20 23, I 

a 43 47' 
- $0 a; 

22 51 41 
2 sa ab 

23 X 22 

3,34 

-» 7 " 

2,fa9 

a 99 

3 13 

30 56 24,6 s 
40 59 2 ,oN 

6 43 54 > 7 N 
ij 51 s^oN 

7 -3 3»>-‘5 

-18,94 

+19,12 

+ 19)15 

+ 19)17 

-1938 

la 306 

307 

7 Ccphei 
» Aiwromeda 

0 ClfllOfCl'L 

4 

L 2 

3 

357 19 22 I 

35 < 52 4 ^ I 

35 ‘ 59 41)5 

23 -9 1/ 
as 55 31 
03 55 59 

31 

3,06 

i»o 4 

76 I j. 11, oN 
27 va 3 -)*’^ 
56 46 7»oN 

+19,86 
[-20 04 
+2O3O4 

1^ 


VOI II U 'T V 
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THESE Catalogues of M de la Caille weie taken fiom the EpJiemriJt.s ** 
des Moweitiens Celebes, fiom 1765 to 1775 The light afcenfions in the fecond 
Catalogue were determined by taking equal altitudes with ^ quadiant of Ihrce 
feet radius , but this metlKid of deteimining the light afcenhons is kfs exaft 
than that by the tianfit infhutnent The dechnations m each Catalogue wcic 
deduced fiom the meridian zenith diftances obferved with a quadrant of fix feet 
radius The tight afpenfions in the firft Catalogue were fettled with a tionfit 
inflrumentj by compaiifon with the ft us in Fundcmenta Aftrommtee ^ but 
the right afeenfipns of the ftars in the Fmdamenta AftronQmia havmg loeen fettled 
by equal altitudes, the right afcenfions of the ftars compared with thecti muft 
be fubjedt to the fame innccutacy 




{ 


A 

t 

CATALOGUE 

OF 

* 881 PRINCIPAL FIXED STARS, 

IN 

RIGHT ASCENSION, and DECLINATION, 

WITH 

Their MAGNITUDES, and ANNUAL VARIATIONS 
m RIGHT ASCENSION 

adapted rOR THE BEGINNING OF THE YEAR l800 
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ZACH’s CATALOGUE OF THE PRINCIPAL SIARS 


Numb 

of 

Stan 

NamM 

and Placet 

of tlie StOfB 

*3 

1 

Rigl t 

Aicaiuioa 

in Tune 

An lunl 

Vaz at 

+ 

Rglt 

Atceiuion 

ID Degrees 

An 1 1 

\ “unt 

+ 

! 

Deci nit 0 ) 

H kc 

1 

D li 1 

• J 

n M 

I 

a 

3 

4 

— ir- 
6 

5 

9 

lO 

88 y Pegaji 

8 1 Ceti 

15 « Caffiopcic 
17^ CaiGopeioc 
31 1 AndromedEB 

a 

3 

4 

4 

3 

0 a 56,79 

0 9 13,51 

0 at 45, la 

0 ae 53,93 

0 a8 39,0^ 

3)063 

3)059 

3)301 

3,a6a 

3 161 

0 4A JI 85 
^ 10 22 60 

5 26 16 75 

6 28 «9 01 

7 9 

45)95 

45 89 

49,51 

48 93 

47,4a 

14 4N 

9 578 

61 50 N 

Sa 49 N 
-9 45 N 

x8 41 Cafliopei'c 
16 fi Ceti 

24 t} CafliopeiSB 

63 Hifcimn 

27 y CaiHopei'v 

3 

^i 3 

4 

4 

3 

0 29 24i4^ 

0 33 31,83 

0 37 1,44 

0 38 19,08 

0 44 44 i 75 

3 j 3 Ji 

3,001 

3 389 
3»093 

3 505 

7 18 3595 
82 57 ^ 

9 15 21 04 

9 34 46 15 

IZ ZI II, wQ 

49)66 
4501 
50 83 

46 jO 
S 3 58 

ss ^ 

19 58 

56 46N 

6 30 N 

59 38 N 

11 

12 

13 

^5 

71 Pifcium 
if 3 0 Andiomedo) 
3 3 S Cifllopeiw 
86 ^ Pilcium 

37 ^ C iffiopoiGB 

4 

2 

4 

4 

3 

0 5a 33,95 

0 58 34,-3 

0 59 0,22 

1 3 16,99 

I 12 50, jb 

3,103 

3 ,a 97 

3)531 

3,109 

3,761 

13 8 29,20 

14 38 33 38 

14 45 3 33 

15 49 1480 
ib I 38 70 

46,55 

49,46 
5a 96 
46,63 
56,43 

6 49 N 

34 33 N 

S 3 3 j 

6 31 N 

II N 

i6 

\i 

19 

20 

98 fA Pifcium ' 
102 tr lifcium 
to6 y Fifctum 

I ro 0 Pifcaum 

45 Cafliopcitt 

5 

5 

4)5 

4 ) 1 ; 

3 

3 

3)4 

4 

3 

L 

I 19 43,07 

I 30 30 70 

I 31 J,77 

I 34 50 ) 7 - 
I 40 1001 

3 108 
3,164 

3 107 

3 144 

41155 

19 55 31 07 
a- 37 40 56 
— 45 a 6 6- 
23 4 4084 

35 - 30 13 

46 6^ 

4 / 46 

46 61 

47 16 

6a 33 

5 /N 

II 7 N 

4 2bN 

5 9 N 

6^ 41 N 

50 68 

48 87 
49 15 

49 1 

S 4 )a 3 

50,0a 

; 496- 

II S 

8 36 TS1 

18 19 N 

19 50 N 

37 ^ 

41 fN 

31N 

18 ^0 N 

I 41 36,69 

1 41 41,74 

I 4a 34)5 

: 2 M 

,953 

3)379 

3 as® 
3, 77 

3,315 

-5 “4 10 33 

as as 41,15 

-5 38 37, /3 
as 54 u a 8 

a6 4J, 1 83 

2 

2^ 

-4 

a? 

S S ^ - 

2 aTii&iig oor 

5 y I Arieti^ 

6 p Artelis 

9 A Aiieti^ 

26 

27 
26 

29 

30 

^7 y Andiomeda 
» pxc a . T 

13 A Jaeiis 
♦ foq a r 

2w S I AllCtlB 

, a 

a 

< <! 

I 51 41,05 
^ 50 a6,iii 

1 ■:5 55 -7 
I 59 30)13 
i 1 1)64 

3,615 

3 335 

3,308 

a? 55 15 76 

-7 36 3- -5 
ab 58 49,05 

9 54 31)95 
31 4 ! 4 51 

31 

3a 

33 

34 

35 

1 6 "^ 0 CttJ (vTi ) 
42 w Anctis 
«r AnUis 

82 } Cen 

83 1 Ceti 

°6 

6 

3 

3 

2 9 14^7° 

38 9 ) 9 

^0 0,09 

9 i4>^7 

2 9 53 > 4 * 

3,019 

3)3 1 
3 a ^5 
3,000 
2,884 

3- 18 40 5c 

39 3 19 3* 

40 7 1 35 

37 18 3a i-i 

37 8 13^ 

' 43 9 

. 49)81 

I 49 8 

I- 4 ', 90 
f 43 i / 

3 54 6 

16 38 N 

14 ijN 

0 j3 S 

1 1 44 5 
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ZACHs CAFALOGUE OF THE PRINCIPAL STARS 


*!□ 1 1 h(fj^ 

of ibo Scars 


86 / Ceti 
89 T Ceti 
39 Y' Lilii bor 
41 T Lilu aufb 
^ ^ a Anctis 


41 46 f 3 Aiietis 

42 3t}bnc)ani 

43 48 AnetiB 

44 23 7 Pufei 

43 9 a ClU 


46 * Itq flf Ceti 

47 a6 I ufei 

48 i Aiictis 

49 58 ^ Anctia 

50 13^1 udajii 


51 [61 r 1 Anelis 
S" 

^3 I63 r 2 Arxetw 
54 
S? 


34 7 Liidam 
37 A Taua 


6 ^ it I Tiun 
67 K - Tiun 
74 Ttuu 
77 ^ I laun 
i b S a fiun 


Rj hfc 

Anninl 

Ascension 

Viint 

1 Time 

+ 


2 32 57 , 18 

3,ioa 

2 34 36.0a 

- 849 

2 35 57,70 

3,521 

a 38 14,43 

3 489 

a 44 3505 

3 r 344 


a 40 39,7a 
2 47 48,1- 
a jo 24 4a 
a 51 5007 


in Dogieos 


38 14 17 76 46,53 
38 39 0,^9 4a, 74 

38 S9 » 5»49 S-ti 

39 33 36>49 i -»34 

41 8 54,7^ 50 16 


41 17 flo,i9 50,10 
78 43 i 7 i 


47 a5 35,39 


3 23 3I1S- 
3 a& 44,93 
3 3 S 37.17 
3 41 35.20 
3 44 -9.19 


3 48 42,25 

3 5 » S 3 46 

|. 8 aja 3 

4 II 2468 
4 12 34^93 


\ 13 2766 
4 13 31 13 
4 16 56 98 
4 1 7 9 i 30 

4 17 i 9 >S 3 


DecUoatioj 


a8 ac N 


18 jBN 

ao ib N 


ao ac N 
BN 
I N 
SN 
la 15 N 


10 9 N 

47 8 N 

a3 -,9 N 
31 17 N 
30 N 
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ZACH’s CATALOGUE OF THE PRINCIPAL SlARb 


d I hces 
of Lho Stan 


Tight 
Alee iBioa 
in T me 


Ai n 1 il 
\ aii'\t 

+ 


R gl t 
Aac Bioii 
in D g ei 


Aqi 'll 
V UlTt 

’ H 


Decline 10 1 



1 






























[ i >8 j 


BACH’S CATALOGUE OF THE PRINCIPAL STARS 


1 I 1 (XB 
f tJ] a 


RiglU 
Vb on^ion 


6 a r niy a,^ 6 Tj 55- y6 ,0^8 

7 18 F Gemiiioinm 4 6 17 5, |.b ^,56-/ 

B 24 y Gcmmotum 6 26 9 3 ^ 1 4*63 

109 27 Crcminorain 3 6 31 ,7,31. 3,695 

no ♦pn.c »Lan mij 6 29 41, So 


55 ^ Geminoium 3 
3 C inib nun ? 
'•pn.L uG min 
III) kbLaflti 1,2 

120 * fitj C Lmin 


12 1 \b() V GLmm()rum4, S 
pi a* C in min 
10 Prc^N 1,2 

* fe<i Lnn imu 
^8 i oUux 2 


» feq j8 Gtmin 
10 2 Cinc.n 

14 )/ 2 Caiicri 
I 7 p C'lncn 
3181 -uiui 


33 1, Cnncri 
4 d Hydrse 
43 y Cm 11 
q 7 C men 
1 1 I Hydras 


7 8 looj 

7 16 iS,oi 
7 n 66 
/ -I 40, b I 
7 -/ 4 ,a|. 


7 -3 34 54 
J' b (5 40,-7 

7 BO '49,10 

7 30 a7,ia 
/ 33 3,18 


8 44 48,86 3,187 
8 44 S 9>39 3 B90 
b 47 3i,8i 3491 
8 56 S 4 33 3 -63 
8 S 7 SO »37 3 » 47 » 


D cl lUoi 


16 a6 S 
a8 43 

0 fi N 

6 f 6 


a7 -I N 
s 44 N 
8 30 N 
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ZACH’s CATALOGUL OF THE PRINCIPAL STARS 
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ZACH’s CATALOGUE OF THE PRINCIPAL STARS 


Numl J 
of 

Si'll t 


Nomoft 
i lllicea 
of tl 0 Stan 


Right 
Aaconsion 
m Time 


'Ai null 
Vanac 

+ 


Right 
ABcention 
in Degrees 


Amioal 

Vanat 


I Declination 


I 49 i Bopus 3 IS 7 ** 

a I B Coron Bof 6 15 ii 51 97 -> 

3 »« Coron Bor 5 15 H S^ oS ^ 

1 3 0 Coron Boi 4 I3 19 34 88 a. 

5 13 yaUiPemm a 315 ai 1176 


\ a Sitp^ntu I 
^ fee) » Seipent 
aS |3 beipotitui 

32 fA Seipentis 
I Sapentui 


226 10 j C 

227 45 L 

228 5 g S( 
2-9 6 r S 
2^0 


y Scipx^ntii 

7 } Scotpu 

13 I Coron Bpr 
41 V Scipenti^ 

8 0 Scorpu 


236 i3 3DHCOiua 

237 14 ^tiOipll 

238 I ^ Opliinchi 

239 2 I Opfiiuchi 

40 20 y Ilercuha 


IS 41 i», 4 S 
IS 41 44^85 
IS 44 33>34 
IS 46 4‘^»43 
ic 47 0,91 


15 


ia,Q3 

IS 

48 

31,89 

IS 

49 

j 8,S4 

IS 

S3 

41,18 

IS 

S3 

49»7‘ 


ai »j9J6 

70 »»7S*5 
30 3*oa3 
a, 969 


I SI 

s tqi 

j 3 7*87 


16 4 N 
a 48 S 
5 6N 


i 7>«3 IIS 9 
51,96 
46,98 
47 iSO 
391^3 
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ZACH’s CATALOGUE OF THE PRINCIPAL STARS 


ftji 3 ;t}OpluaLhi 
* pixc a Here 

^53 

-*54 65 ^ lleiculia 
^55 4^ S Ophiuchi 


60 |5 Ophi chi 
0,62 y Ophiuchi 
^63 ry ^Serpentis 
67 Opli Tau Pon 
-65 33 y Dneomi 


66 1 o y SijjittTux 

67 b Tanr Poniat 

68 30 ft I SagittTni 
^69 1 5 ^ a Sagittal 11 
^ 7 ° ,0 Sajj^ittuii 


a7i 22 X Sa^ittani 
73 ** pIBBC M LyiCQ 
-7^ 

/4 ^ feq et Lyne 
® 7 S -7 P SagiLtani 


Rigl t 
Aau n ion 
inT iiff 


Annual 
Vt nt 
+ 


Right 
Aacooii n 
in D groQ 


AnnuiL 

Vniwt 

+ 


16 

»3 

26,96 

3.709 

16 

36 

9 ?s 

3 387 

16 

33 

45 

.39a 

16 

36 

3,11- 

.046 

16 

S 

38,68 

3,39^ 

16 

se' 

55.15 

3.42+ 

17 

5 

i»,7o 


t7 

1 

31.76 

3,736 

»7 

6 

49.41 

M59 

17 

9 

44.25 

3 661J 

17 

20 

-.64 

4.057 

17 

-4 

45901 


17 


38.97 

-,768 

17 

29 

11,0^ 


1/ 

^5 

55.99 

1 348 


17 

33 

35.77 

17 

37 

52.04 

17 

49 

54.59 

17 

so 

37.47 

17 

SI 

57)79 


18 IC 
iQ flS 

19 30 
i8 31 
18 33 


d 

37 

43,87 

8 

4 

5 31 

8 

4- 

41 86 

8 

42 

51 |0 

8 

43 



37,66 3,705 
40,13 

9,89 3,038 

40,00 

9 39 3»747 
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ZACH’s catalogue OF THE PRINCIPAL STARS^ 


Numb 

of and PhcM 
SiiTB N^llo sure 

A 




AscoDBion 
AT ne 


Ai nua^ 
Vd^iat 


I^ghti 
Asoei iipn * 
in Deg ^ 


Deolinatloi 
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ZACH’s CATALOGUE OF THE PRINCIPAL STARS * 


and PJacte 
of t^o Stars 


R;ght 

Asconiion 


Eight 
AiconiioQ 
m Degree 


Aiimal ' 
Variat 

E 

+ .4 


latioi 


316 i *■ /9 yr 8i7Mi7en 
8 rCapncoitu 

318 9/9 Capncorni 

319 SJrrCygm 
3ao 1 1 ^ Capncorni 


3fli A^Dfilphini 
%%% 6 i Pelphtni 
9 A Delphuu 
3^4 <0 Dmh 
315 * feq A Cygm 

3^6 % I Aqnaru 
1%) ^ prac y Delph 
338 layDelphuii 

329 g3 I Cygni 

330 o fn Aqaaiii 

331 7 Agtiani 

332 23 8 Capi^comi 

333 larAqaam 

534 V « Equcjei 

335 3^ ^ CapncorDi 


4,520 
3 20 
3 20 
1,220 
20 

4,520 
20 
3 20 

3 -0 
4,520 

6 20 
S> 4 »o 
5 29 

4 2 J 

5 21 


336 4/8 Eqottlei | 
33 ? li Aquafu 
33B 5 • Cephei 

339 22 |8 Aqoaru 
34Q 39 I Ca pncorni 

341 i p Cepbci 

342 40 y Capncortu 

343 43 « Cjpncorai 

344 8 I Pci^i 


345 8p 1 wygni 

346 49 ^ Capwonu 

34? aAqpw 

348 34 »\Jfuartt 

349 48 y Aquaru 

350 52 w AquTin 


3 

X 

3 

3 22 

4 ,sw 


^7 26,45 

as S?>So 

26 10,32 

30 20 76 

34 36,68 

40 a6>S5 

36 50,38 

37 21,94 

37 22,96. 

38 6,70 

4^ St>i7 

46 4»59 

54 39»7S 
S8 41,14 

S 48 7B 
5.67 

« S 7 . 7 ^ 
*3 U ,77 
*3 4o»85 
ai i,ia 

5 g»g 9 

1,18 
a8 59,14 

31 37,98 
34 »>.S3 

34 59*^3 

35 58,68 
55' 8,ai 

55 4^75 

II '^6,89 
15 4iOo 


3,380 30a aa 50,19 50,70 

3 337 30a 2j 15,39 ^0,06 

3,580 30a 26 83,54 5°»7o 

a 148 303 45 39, 3g 3»,3 i 

3 , 43 ° 364 ar 36,7a 51,57 

3,801 306 39, 33 44 43,01 
3,804 307 !» 34,74 4»»o6 

3,780 307 35 1137 4i.;Mr 

3034 308 39, 10,20 3051 
310 7 8 ,35 

3 *55 309 13 35 73 48,83 

309 30 39,08 
*•783 399 ao 44,34 41 75 

®»393 309 31 4 o» 5 o 35189 

3,843 3 to 87 47,61 46,65 

3i 855 31 1 31 8,80 48,8a 

3.384 313 39 56.35 50,76 

3.874 314 40 18,64 49 . “ 

3,997 316 27 11,73 44,96 

3.355 317 46 85,00 50,33 


318 14 
318 18 
318 36 
330 If 
381 38 

3»i 3^ 
J83 14 
333 

3*3 35 
183 44- 


85.63 44.7a 5 58 N 

41.53 49.89 13 44S 
43,69 31,40 61 45 Nfc 
16,74 47.48 6 ai;. s 

4,34 50,68 ao 2\S 


15 34 S 

13 33 s 

'5 848. 

[ijy*; 

14 o N 
13 55 N 

15 n N 

44 34^^^ 


10 13 b 

15 35 N 

33 13 N 

9 43S 

10 38 S 


17,76 13 33 
47.^5 49.93 


69 41 N 
17 336 
19 46 S 
.1 58N 
50 17 N 


3,310 333 59 4t^a5 4g,6^ 
3*8 47 3 15, 

3,067 338 5a 86,35 46,00 

3,094 333 49 43,35 46^1 

3,065 a33 45 ^9,96 ^j^7 
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ZACH^s CATALOGUE OF THE PRINCIPAL STARS 


^ of id 

^ Sun PS^he Stan 


3S* SS f Aqtwru 
35^ S7 ^ Aqilaftii 
j Laoeits 

-^54 6a n 

6a je Aauani 


^ kfloenaion 
4 lA Time 


Right Annual 

Ascenuon ^ Vamt poQimution 
jn Pegraea + 


j 63 K Aquani 

3S6 4j-fPeg*^‘ 


4 aa 18 31 68 3»°79 334 37 

5 aa ao a, 99 3»*®v 33 S ° 

4 aa a3 7,01 -j 43 J 33 S 4 ^ 

4 aa a5 4,50 3 >o 79 33 “ 

5 ji»»^a7 a3»3* 3>^^7 ^3° jQ 

3 aa 31 29,06 2,961 337 5 ^ 

1 3 i^a 33 37>87 “*79* 338 »a 

5 Ua 37 4»7o 1 3)’‘97 339 


Si, 26 46,18 
44184 47 79 
S 4 j 14 36,40 

8,78 

50,67 46 76 


IS fig 44»7a 
27,91 41 88 
10,57 47 "6 
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i6a PRINCIPAL i^lXED STARS, 



JNNUJL r^IJ3'9^NS 

ADAl itD TO Tim BEGINNING OF TI^YEAR l80Q 
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ZACH'9 catj^ogue of the deconations of t 

» PRINCIPAL STARS J 


^ DsclinstM AtM 

Nimej tnd PiBca for tha Yevl^ ^ ^atipion 
of tho St-ui \ JL t— — 




Aqu^ 

0 Aquil^ 
Frotjon 
0 C^muciu 
j Viigtms 

^ Serpentut 
«i C^ti 

M (^i 

0 yirgum 
0 V'tfgtm* 


s ss 4 n^s^ V " ^ 

3 <7 la NK 1 + 3i97 ^ 
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IN thefe two C'lt'aognes, the nght afccnfions -uid dedmations of the flars 
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^5 33 56 X >ai 934 ^ t 

41 10)3 ] 

'5 41 53 rTf 5 fc 1 
15 4 * 4,6 3 57 S 1 J 

43 * 4,4 3 i 443 “ 


108 56 a; lj-A.8{ 

'06 7 : 3 Sm+'*^- 

*4 ^ 

'°Jr 4 31 ^ '*,63 

JjjP;; ai; -j 4 la 6o 


nzis 39 +I *,43 
' 3 la + 13,36 


4 ^ 3 p^A 

/ *36 

n* *36 
/ 7 *37 

4,5 *38 
4 *38 


6 338 

5 *38 
5 *38 


II si W 

30 SI 50,09 
59 II 5 .8* 
40 17 54,01 

I* 44 49 , *6 

18 46 51,97 

18 55 51,97 
38 17 5 V 8 
46 47 52,36 


46 m. 

IS 47 5^,7 
15 50 41 I 

IS S* SO , 9 
IS S 3 15,1 
'S S 3 15 7 
IS S 4 33 I 
IS SS 7,1 


108 58 ’^+I2>». 
105 ig ag +12,14 

104 59 19 +I *,05 

82 54 J +11,93 

115 5 48 +11,6 


o +iii^ 

SO +hi ,36 
10 + 11,35 
47 + 11,-5 


^+fi,o6 
45 +10 72' 


if8 3 l^ 

iXs *9 

JA <89 
jia^ o 

100 46 
109 12 

109 la 

110 5 
VO 17 


43 +10,56 
S* + 10,53 

4 ® i+io S 3 

3 +10,43 

4 +10,39 
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AKcniion 
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MAYCR’* CATALOGUL OF THF PRINCIPAL STARS 
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AYER s CATALOGUE OE THL PRINCIPAL STARS 


m I If ^COI 
f the St ^ ^ 


Right 
A ceniio i 
ID Dogicos 


Anauftl 

Vinat 


A cen ion 
in T me 


Anni 1 
Var <4 


Ko th polar Ai u 1 
D ita ce PrecM 

8 
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- MAYER t'CATALOGUIt. OE IHl. PRINCIPAL SlARi 





— 

1 1 ^ + 

^ K- I 

1 

N>itl jolir 

Di cmco 

P 

uat 

1 ircet 

Numl 

(f 

Stufi 

f 

lUcps 

of iho ' 5 c'Ub 

? 

i 

lucl t 

Ai 01 (ion 
jQ b greos 0 

Am nil 

Vnant 

+ 

Rb' t 

Ascen loo 

mTimo 

fl 

i u s 

9 

M 9 

V 

DM 

r** 

B 

771 

7 2 

773 

in 

1 j SagiCtsuH 

2 ^ Sigituiii 
ri/ Sagi torn 

T 

7 

i 

6 

2b6j 4 S as ‘ 
2871 0 4P ' 
^87 aa -0 
87 aj 49* 
a 87 j »S »7 

51,48 

54 , 0 / 

52 3a 

S» 49 
51,63 

19 7 1 7 

19 18 a, 7 

»9 9 9,3 

19 9 35 3 

19 9 41,8 

3 43a 
3,605 
3,488 
t 599 

3 44 ^' 

3657 

3/643 

3 5 t>S 

3 413 

3,584 

105 5a 5a 

11 46 33 

108 13 3v 
108 40 40 
. luJ 19 56 

-5,98 

-599 

— 6 OQ 

19 I*- 0/ 

19 12 4.66 
19 48,1 

19 14 M S 
19 14 51,9 

”4 S 3 SI 
114 21 lb 
112 10 30 
105 30 \\ 
112 10 «7 

— 6 a4 
-6 7 
-6,3, 

-634 

- 6,43 

776 

777 

778 

m 

780 

I /: 5 >ag>ttaiu 

3 Sat,iitani 

s 

s 

7 

/Ja 

2b8* 7 16 
ab8 \l :>9 
288 7 a 

a88 33 -3 
w88 42 56 

5486 

5464 

53 77 
51,29 
53,76 

78* 

782 

783 

784 

781; 

q S-igittaiii 

7 i 8 

8 

i 

289 9 36 

289 12 S7 
289 23 ss 
289 3C) 27 
289 ^ «np2 

51,30 
55,83 
51,36 
S 3 55 
53,54 

19,16 38.4 
19 i6 sj>8 
19 ^7 3S>7 
19 lb 25,8 
19 18 49,5 

3,420 

3,7-a 

3 424 
3,570 

3,569 

105 30 47 
117 23 45 
105 46 ao 
III 43 sa 
III 43 51 

- 5 .S 8 

=^: 7 i 

786 

789 

790 

1 h Sigittam 

2 hSftgittuii 

b 

S 

i 

8 

290 28 

290 48 59 
390 l 8 w 44 
291 ' a 33 

I agi 1 12 S7- 

S 4 iS 0 
S4,8a 
54 , 88 , 
S-,S 7 
5a , 34 

19 21 52,8 
ig as iS ?9 
19 *3 S 4»9 
19 J!24 10 2 
19 '*4 51,8 

3,633 

3655 

3,659 

3 505 

3,489 

114 17 44 

115 9 41 

115 19 49 
loo 17 55 

108 40 S3 

-7,01 

- 7,12 

-7,18 

- 7,20 

— 7,-6 

r 

791 

794 

793 

/94 

7 QS 

,96 

/ 9 / 

79b 

799 

boo 

801 

802 

803 
80 {. 

> 80s 

I e Sagittaiu 
e Sigittiru 

f SHgxt^uu 

A Aquila. 

u Sagituni 
t) Sppttaiu 

g 

a Sagirnm 

0 

8 

V 

16, s 
6 

T 

8 

7,8 

■ w* 

J 

? 

S 

S 

i 

291 47 50- 

291 £0. J£ 

292 10 14 

a^a 37 as 

aga $3 3° 

54 , a 7 
54 6 
51,61 

51,54 

19 27 113 

19 27 29 0 
19 28 40 9 
19 30 29,7 
ig 31 

3,618 

3,617 

3,441 

3 4 j 6 

3 ^ao 

113 S 3 18 
113 S 3 a8 
, xoo 45 30 
106 30 I 
ICS S6 ai 

- 7,44 
- 7,47 
-7,56 
-7,71 
-7 79 

293 j* 39 
393 S 4 13 

1 394 3 

294 17 14 
9 S 7 40 

qa 80 
S 3 aa 
SO, 6c 
50,18 

37 

19 i4 6,6 

ly 35 36,9 

ig 36 147 
tg ‘ i , b,g 
19 40 31,1 

3 , 5-9 

3,548 

3,377 

3,345 

2,891 

no 14 56 
III 27 26 
104 12 15 
Z02 49 31 
Bi ^ 36 

— 8,00 
— 8,12 
-8,17 
-8,24 
-8, SI 

age 44 14 
ago 0 38 
296 30 -6 
296 3 8 

-97 -S SI 


55 . 16 
55,48 

51.17 

5506 
J 55,59 

19 4a 569 
19 4A -,S 
ig 46 1,7 

ig 46 8,5 

19 49 43,4 

3,677 

3,699 

3 , 4 ” 

3,671 

3,706 

iii6 jO a 4 

117 4a 34 
106 I SS 
n6 4 ii 

118 16 40 

-8,70 

- 8,79 

-9,23 


m 

4 ’ 

r 

rt 


r 


r 
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MAYFRs CATALOGUL Ot THF PRINCIPAL STARS 




806 Sagxttaru 

807 


Sagittal 11 


Sagittaru 


Capiicorm 
8z6 { C^ncorm 

819 I OrCapncoini 

820 a aCapricomi 


3 ftCapncornil 
O' Capncoriii 

F Capncoitii 
$ Capricomi 


m D greoB 


1197 3a S7 

297 49 13 
^97 S 4 47 
^98 B 1^4 

298 22 16 


7 29 -6 44. 

B 299 I I 

8 299 9 19 

7,8 299 15 32 

299 19 O 


299 33 38 

300 4 

300 10 J.t 
30Z II 8 

301 29 38 





831 ( Capnconu 

83a 

833 ^ 

834 1 Capncomi* 
833 2 Capncomi 


303 9 ‘SS 

303 aa 24 
303 -3 
303 30 1 

303 49 1 8 


304 13 I 

304 15 1 

304 X5 6 

304 16 

304 27 40 


8,9 30s S 15 
8 30s 9 13 

6 305 13 31 

7 305 37 16 

7,8 305 54 ^3 



20 20 21,0 3>593 

20 20 36,9 3 409 

20 20 54 I 3 070 

ao 22 29 I 3,347 

20 23 37 j 3404 


us 38 17 
107 18 **2J' 
loo. 29 ss 
,104 24 47 
107 13 56 


1 1, OB 

-11,76 . 


* There appeal 1 to be a miihke of lo m the polar diilance of this liar it (hould probably be 109 i S ;f> 1 
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MAYLR. B CATAI OGUE OF THE PRINCIPAL bXARS 


^omb Namei 

of ^nd 1 iBccf 

StBri of the Scan 

> 


84 « I 

849 I 

843 ^ 

T Capncorni 0 
84s *' CTpnconu 6 


Rig( t Anoual 

AAceniion Vanat 

m Degree + 


R ght 
Ac I on 
in Tine 



^07 10 51 
308 !}4 3 S 

308 33 37 

309 4 aj 

309 37 I 


309 48 34 S4»«o 

310 13 39 49 i 85 

310 19 41 48,65 

310 23 31 49,30 

310 43 44 51,16 



20 

28 

43»4 

20 

33 

38,3 

20 

34 

158 

20 

36 

177 

20 

38 

26)! 


I d 14 
I 2.0 28 


I 2.0 28 
1 34 46 
i S S °94 
a 23 aa 49,80 


3 , Capncofbi 


20 

39 

156 

20 

40 

346 

20 

41 

187 

20 

41 

354 

20 

i!_ 

54 9 

20 

44 

16,9 

20 

4S 

53 9 

20 

47 

397! 

-0 

49 

Ij 7 

20 

i?_ 

33)3 

20 

5° 

31 3 

20 

sa 

a 6 ,a 

20 

54 

73 

20 


49>3 

20 

50 

30)7 

20 

57 

31 I 


58 

8)3 

2; 

0 

4)5 

21 

I 

3 

56 A 
39)6 

21 

6 

9»S 

21 

6 

30 7 

21 

7 

33)^ 

21 

9 

4)1 

-1 

10 

3^)3 


>• tb p lar Annual 

P ita CO F eoet 


117 41 6 

103 58 51 

99 4-5 30 
lOfl 21 19 
108 42 24 


”7 4 55 ■ 

1 o6 49 39 - 
109 50 12 ~ 
lob 20 4 ‘ 

104 20 19 ~ 


102 30 2 j“ 

no 40 19 I* 
108 3 17 

115 49 ss r 
na I 27 - 


III 23 8 - 

102 12 37 ,‘ 
105 19 7 * 

113 3 54 ‘ 

III 30 40 ■ 


108 SI la ■ 
III 12 10 ■ 

107 3 I ■ 

HI 41 40 ■ 
107 43 ^ ■ 
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MAYER s CATALOGUE OF THE PRINCIPAL SIAkS 


Names 
nnci 1 L ice 
of tl e SUiB 


R ght Annual 

^jcon 10 1 V iMt 
in D pToo -f- 


379 t Capncorni | 

38 0 b Capncorni o 


681 

882 

883 

884 

88 s P Aquam 


D 

M 


318 

I 

23 

318 

3 

31 

318 

10 

28 

3I& 

39 

5 - 

319 

10 

S' 

319 

12 

39 

319 

32 

46 

319 

47 

lb 

319 

54 

11 

320 

_ 7 _ 

28 

320 

30 

44 

^20 


35 

320 

46 

41 

321 


37 

S21 

38 

b 

322 

6 

30 

322 

31 


322 

43 

38 

32 - 

51 

5 ® 

3-3 

37 

0 


Rip^ht 
Ascei 101 
in Tims 


-I la s»S 3 > 4 S 9 

31 13 14,1 3»4H 

3 X Z 3 4 i |9 3 ) 3 b 6 

M 39 »S 3)448 
10 43)4 3)433 

31 16 50,6 3 361 
ai 18 11,1 3 385 

121 19 9,3 3,303 

31 ig 36,7 3 i?84 

1 31 30 9 9 3,16; 


North tell Amu U 

DisL inte 1 ibc b 


113 3S i -1490 

III 41 SS 

101 4 ^ 7 -i 4>94 

II 3 lb I -M»RS 

II 4^ 17 

10 ?8 z 15 lb 

no 3 8^1535 


10 ?8 z 15 lb 

no 3 8^1535 

loj II <17 
no b 50 — 15,3*1 
96 39 t; -1^,39 
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MAYER 3 


CATALOGUE OF THE PRINCIPAL STARS 


A 'Plicei 


» g inDegraoa 

of the Stata^ ^ 


Right ' 

Aacona on Van at 
n DearfiOB + 


Right 
Ascenaion 
nTi no 


Am nl 
V'lrvt 
+ 


e Aquaiii 
^ Aqagiii 
^ Aquaru 
y Aquarii 


6 3-9 so 49 48 a? 

7,8 330 3- 58 48»-9 

4 331 a6 8 47 »Si 

7 331-6 43 47 > 7 - 
Sj 6 33a 17 10 47 >t 7 

3 332 4a 8 46*4* 

6 333 16 37 46 9 S 

7 335 a6 23 1 46*37 

7*8 333 5 - 56 +794 

41 334 30 17 40**0 


ai S 9 * 3 >s 
22 2 11,9 3 >-t 9 

22 5 44,5 3 *67 

22 5 46 8 3 iBi 

-2987 3 i6s 

2- 10 48 s 3*094 I 

1 22 13 6 s I 3**30 

22 13 45, s 13*09* 
22 IS 31 7 1 3**96 
— 18 I, I 1 , 0/9 


Noiil point Ai lu-il 

Sittni ca P cei 


liia 3S -o 
102 S 7 *9 
98 49 IS 
100 4 4 

98 S- 4 

9a a6 fli 

9 S S3 ^9 
9a 14 ^0 
10- 17 16 
9T S ^3 
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MAYER s CATALOGUE OF THE PRINCIPAL STARS ' 


Kami 

of 

Scar 

Kimoa 

aid Ih ei 

of tllO Still f 

s 

<0 

R* 

" 1 ' 

Kighc 

A cei lion 

m Degrees 

Annual 

Varnt 

+ 

Right 

AicenitoD 
m Tinao ^ 

Annual 

Viruc 

+ 

r 

North pjlar 

D ita 0 ^ 

Annu 1 

Preces - 




P M s 

$ 

f M 1 


^ tr 

i 

946 

947 

948 

949 

950 

3 h Aqiwm ^ 

4 h Aquaru 
a Pifcium 

1 

1 

l_ 

343 44 

344 4 9 
344 aS 56 

344 39 

344 S7 8 

46 9a 
46,88 

4S 9 j 

a?? 

aa S4 56,7 
aa 56 16 6 

aa S 7 SS,7 
aa 58 39,5 
aa S9 48,1; 

3 128 

S 'as 

3,062 

3,062 

3, III 

99 3 S7 

Qb JO la 
89 0 44 

bb 59 28 

97 s 46 

Ik- 

- 19,24 
— 19,28 
-19,33 

-19,36 

I 

^ AqauU 

1 ^ Aquoni 

X Aqaiiu 

7 Pifcium 
a 1]/ Aquani 

S 

i 

4 

5 ' 

34| S' 4' 
340 13 6 

346 49 »9 

34^ 33 59 
346 44 46 

46,64 

46,88 

46,7s 

a3 3 36,7 

a3 4 Sa,4. 

»3 S S7,9 

»3 6 159 

33 6 59,2 

[We 

97 10 29 
100 13 37 

98 Sa 3 
87 51 40 

xoo 19 28 

-I9,H 

-19,47 

-19,49 

-19,50 
- i9»Si 

9S6 

III 

9J9 

960 

3 ^ Aquani 

D Mcmin 

1 a Pifcium 

>.7 

7,8 

S 

347 0 30 

347 *4 47 

348 11 30 

348 13 7 

349 a 39 

46188 

46,71 

46^01 

33 8 2,0 

as 9 39,1 
aj la 46,0 

a3 la Sa,S 
33 16 10 6 

I ^ 

100 45 13 

8s 4S 36 
90 51 29 
r 99 36 39 
89 S3 34 

-i9,S3 
-19,56 
-19,6a 
-19,63 
— 19,68 

961 

96& 

963 

964 
96s 

a X Pifuum 

8 Pifcium 

6,7 

7^ 

349 7 3' 

349 20 a 

1 349 4® »4 

349 S° w 

350 10 8 

46,09 

'4S,68 

46,16 

40,ao 

46,33 1 

33 16 30,1 

33 17 30, [ 

33 18 48,9 
33 19 ao,7 
as ao 40,5 

3,068 

3,04s 

3,077 

3,080 

3,089 

00 £ 28 

84 46 x6 

92 XI 18 

93 56 33 
9S 13 46 

-19,69 

-19,70 

-19,73 

-19,73 

-19,75 

966 

969 

970 



3S° *7 Sa 
350 50 a3 

1 351 10 34 
$5' II aa 

' 3S' as 19 

46,1s 

46,01 

4S,97 

33 31 11,5 
33 as ai,s 
33 a4 43,3 
33 34 454 
33 35 41,3 

3,077 

3i077 

3 ,oq 9 

3,067 

3,065 

92 14 3 Z 

r 92 24 14 
q8 37 

89 so 3S 

89 3 37 

-19,76 

-''19,79 
-19,81 
-19,81 
— 19,8a 

971 

97» 

973 

974 

975 

Pifciudd 
^ Pifciooi 

! 

3S» ^7 IS 
35» 5° IS 
3S3 31 43 
7 3S3 SS II 
7 3S4 6 SO 

4S,8 i 

45,99 

4S»78 

45,93 

46,49 

33 ag 9,0" 
23 31 21 0 
3J 34 6,9 

as 3S 4*, 7 
as 36 27,3 

j!»S 

3,0|3 

3,062 

3,099 

85 30 I? 
89 22 18 
83 58 14 
87 40 33 
103 4 II 

- 19,86 
-19,89 

- 19,9a 
-19,94 
-19,94 

f * 

f 


6, 

7 

6 

7 3S4 17 14 
354 a6 18 
3S4 31 ao 
7 3S4 40 49 
3S4 SI 3 

45,98 

46,28 

45 99 
46,0a 

46,37 

*3 37 8,9 

*3 37 45,a 
*3 38 5,3 

.33 38 43,2 
33 39 24,2 
^ 

3065 

3,085 

3,066 

3,068 

3,091 

68 48 21 

ti IS ir 

’ ,.90 5 16 

loi 8 31 

/ 19,95 
1-19,95 
-19,96 
-19,96 

-19,97 
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Numb 

of 

Snn 

1 

Nimei 
ao^ Fiacoa 
of the Stin 

1% 

• ^ 

Rigi t 

AICOI lOQ 

in Dagieei n 

Anni b 1 

Vanat 

+ 

Rigl t 

Aiconiiou 

in Time 

Annuu) 

V^rnt 

-P 

KoiCh polar 

DLSl'ince 

Am uil 

Fracoi 


■ 

u 

1 

dm I 

1 

981 

982 
9 b 3 

Ps 

Pifcium 

u Pifcinm 

4 

6 7 
6.7 

5 

355 3a I- 

356 0 40 

356 5 55 

356 59 * 

357 “ 5 

46 14 
46,0c 

45 8» 

46 la 
45 » 9 » 

33 4a 8,8 
33 44 a , 7 
a 3 44 » 3.7 
33 47 56,1 

33 48 3® 3 

3,076 

3,070 

3,059 

3.075 

3,061 

94 *9 9 
91 3 ®7 

84 5 40 

94 43 8 

84 17 50 

-i 9 i 99 

— aojoo 
— aojoo 

— aQ|02 
— ao,02 

986 

989 

990 

Pifcium 

Q, c Pifcium 
Pifaum 

S 

S 

5.6 

357 46 5 

357 47 55 

357 49 16 

358 38 S ° 

46,12 

46,12 

4607 

5111 

33 Ji 4.3 
33 5 * * 1.7 
43 ji 17 I 
43 51 46,9 
»3 54 35.7 

3.075 

3.07s 

3.07 

94 ** 40 
97 10 44 
93 56 * 

8a 40 47 
96 53 ss 

— ao,03 
—20,03 
—20,03 
—20,03 

— 20,04 

99 * 

99 ^ 

« Andromedaa 

fl 

6 

b 

3i9 as ao 
359 47 39 

45 . 9 * 

46,9a 

»3 57 33.3 
33 59 10,6 

3,061 

3,068 

63 4 I 
93 43 39 

—30,04 

- 30 , 0 ^ 

hid no tianlit inftmnent to take the light afrtnfioa of the fbus but took ^em with Jo 
telefcopc of hu quadiant He fetlied the pkces of teveial of the Lnght ftars which were vifibk 
m l 1 tune by companfon with the fun m the fame parallel But thu could only be applied 
to thpfe L whofc declinations were IcC. thin 18 as the fun s in d«hn^oa 

wife be too fmaJl He compofed hia folar Tnbles by the help of thefe Dnght flam -ind by com 
paimjf the timfits of the laid liar, with thofe of the fun when it s decimation bc^ 18 and 

Hun the fun s right afccnfion anfwering to the longitude computed by hiB folar TTblM he 
£d th«rrora of the planfi of hia quadrint at thofe altitudes and then by obfermg the aodiacal 
liars witliip thofe bnuta he filled up hia catalogue 




^ r 





index , 

O f 

r 

- — ~ 

THE riGURES REFER TO THE ARTICLES 

n 


A 

A SERRATION of the fixed fiats 503 
the theory of it £01110504 to 53'i m tho 
planets J26 to 

JlchmcA iifing md fetting of a flai wliat it 
^ IB 57 how found 788 
jUmacantci what aa 

Altitude on what cucle meafuied 14 eiioi of 
given to find the eiior in time 93 
Amfhifcit 778 

Angle between two great cirdea how meafined 
12 of pt^fition ia6 

Anomaly what Hu 65 mean how found 2%% 
tiut how fojjnd -aa 123 -a6 aay aaB 
cxcciiUic what It IS and how found aaa 
Antact 779 
Antipedes 779 

Aj^ielioih what it is <60 hpw to find it 250 
aja aj4 258 a6o 

Apogee whattfi^ 6a of the moon its mean 
motion 347 9®^ caith 25® 

a7i T 

Apf* whotitifl 64 duhnce between the a^ 
iides how found 833 833 
Aietts piopojtionol to the times. Bog acccle 
rated and retarded 809 
, 4 rgmeni its meaning Jo 


Afiet^mi light 35 oblique, 36 iheir difh, 
rence called t^ei\fienal 37 light of auy 
body how to find it riB light of a ftar 
how iirft to find it 1 19 iflo praflical method 
of finding the light afcenllona of the othei 
itar^ lai laa ught how to find it fiom the 
latitud-c and longitude, 1*4 voiiation of it;, 
io 4 J[ 

Afcit 778 

Aftnmmy die hiftory of Chap XLI 
Aitiaatm of two fphetes to each other 838 
they revolve about their center of giavity 
840 to 844 law of 838 
Axis ofthccoith 14 
Amniuih what it is ag 

c 

CATAhOGVL of fixed llais 7a3 
Cm ch a great one a a fteoll one a axis of a 
great one 3 its poles 3 of declination 19 
veiticol a4 ordlic and ontaifhc 44 of pet 
petiial apparition 78 of curvature 810 how 
the force and velocity vaiy in circles 819 
Cohn es cqnmofb il and folftitial, 4 3 
Comets what they aie 7a to determine their 

orbits fisc 639 to 697 

Ana Commutntiotts 


A " 


1 


INDEX 


580 

Cmrnatmm angle of whit it la 
Cfmjim£hon whit it u 46 of an inienoi planet 
when It happens ^38 

Coftfiellation whit it is 74 then number •jii 
Cojkucal niing and fettiug of a fhi whit it is 
57 how found 788 
Cmtat 9 diflance what it la i;9 
Cyde what it is 758 of the fun how found 
758 of the moon hefV ft^ind 759 


D 
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